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ABSTRACT 
The female reproductive system of the spiny lobster Panulirus 
homarus ( Linnaeus, 1758 ) was investigated histomorpholog ically and 
ultrastructurally to study the process of ovarian development and vitellogenesis 
in detail. The general morphology of the central nervous system was traced 
out. The neurosecretory cells in the optic ganglia, supraoesophageal ganglion 
and thoracic ganglia were identified, classified and mapped. The optic ganglia 
have six types of neurosecretory cells whereas both the supra oesophageal 
ganglion and the thoracic ganglia have eight neurosecretory cell types. 
Secretory cycle of the neurosecretory cell types was studied and it was 
classified into four phases, viz . synthetic phase, vacuolar phase, secretory 
phase and quiscent phase. Secretory status of the various neurosecretory 
cell types was studied at different stages of ovarian development. The 
vitellogenin unit from the haemolymph and the vitellin unit from the ovary was 
isolated and characterized . The immunodiffusion precipitation studies and the 
ultrastructural studies reveal that there is exogenous vitellogenin synthesis in 
Panulirus homarus. The hepatopancreas and the adipose tissue are likely 
to be the sites of vitellogenin synthesis. Bilateral eyestalk ablation studies 
conducted on the early and late intermoult stages show simultaneous 
acceleration of the somatic growth and reproductive processes with higher 
emphasis for ovarian growth in lobsters ablated in the early intermoult phase 
and lower activity in those ablated in the late intermoult phase. Ablation in late 
intermoult phase resulted in faster entry into the premoult stage. Administration 
ofthe aqueous extracts of supraoesophageal ganglia and the thoracic ganglia 
from the maturing female lobsters accelerated vitellogenesis when they were 
injected into the lobsters. Injection of neuroregulators accelerated vitellogenic 
process in those injected with 5-hydroxytryptamine unlike the dampened effect 
in lobsters administered with dopamine. 
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IMTRODUCTIOM 
INTRODUCTION 
Spiny lobsters are important group of crustaceans for their high 
commercial value. Though their total landings arc very less when compared to 
other commercially important crustacean groups the total foreign exchange 
obtained from this group is substantial due to high demand and value in the 
international live market. There have been gradual decline of major species 
over the past few years due to the indiscriminate fishing of juveniles, preadults 
and the berried females. If this trend continues this group of crustaceans will 
become either extinct or atleast endangered in the near future. In order to 
replenish the stock and to increase the p~oduct ion it has become an absolute 
necessity to develop and perfect a viable hatchery and seed production 
technology. This could be achieved only through controlled breeding for which 
a thorough knowledge on the reproductive mechanisms and the factors 
controlling it are req uired. 
Reproduction is controlled by several exogenous and endogenous 
factors . Exogenous factors include food, temperature, photoperiod and 
light intensity while the endogenous factors include various hormones as well 
as factors which regulate or modulate the synthesis , mobilisation and their 
activity on the target organs. The crustacean endocrine system consists of 
epithelial type of endocrine glands and endocrine structures of neural origin. 
The neuroendocrine component is of major significance in the crustacean 
endocrine system with respect to the number of neurohormones or more 
specifically neuropeptides produced. Infact, majority of crustacean hormones 
appear to have a neural origin ( Fingerman, 1987). The concept of crustacean 
reproductive endocrinology has significantly changed in recent years, with 
the discovery of new endocrine organs and a host of new molecules with 
putative functions in the control of reproduction (Subramoniam, 1999 ). 
However, the old concept of the bihormonal system is still valid . Moulting and 
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reproduction are under the control of bihormonal system with each activity 
intum controlled by,two hormones, one inhibitory and the other stimulatory. The 
neurosecretory products include both neurohormones and neurohumersl 
neuroregulators. Neurohumers are nothing but the factors which amplify or 
dampen the activity of neurons. 
There are two components in the crustacean neuroendocrine 
system, viz. the neurosecretory cells and the neurohaemal organs . 
Neurollecretory cells ( NSCs) are distributed in. the optic ganglia, 
supraoesophageal ganglion ( brain), subesophageal ganglion, thoracic 
ganglia and the abdominal ganglia of the centrRI nervous system and they 
are associated with the production of neurohormones and neurohumers. The 
neurohaemal organs such as the sinus gland, post-commissural organ and 
the pericardial organ store and release neurosecretory products into the 
haemolymph through which they are transported to the target organs. 
The stUdies carried out on crustaceans reveal that the neurosecretory 
cells which produce the neurohormones regulating reproduction are located 
in the X-organ sinus gland complex of the optic ganglia, the supraoesophageal 
ganglion and in the thoracic ganglia. Among these the optic ganglia is highly 
specialised and form the seat of many hormones controlling various 
physiological functions (Fingerman, 1987). 
In the eyestalk, the neurosecretory cells synthesize neuropeptides 
that are inhibitory to reproduction. These neurosecretory cells are distributed 
as clusters in the medulla terminalis, the medulla externa and the medulla 
interna. They are known as medulla terminalis X-organ , medulla externa X-
organ and medulla interna X-organ respectively. These X-organs are 
considered to be the synthetic site of Gonad Inhibiting Hormones ( GIH ). 
The axon terminals of these X-organs terminate in the sinus gland, where the 
hormones are stored until the release . It is also suggested that a gonad 
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stimulatory substance is secreted by the neurosecretory cells in the brain and 
thoracic ganglia are also involved in crustacean reproduction , which are 
stimulatory in function. 
Information on egg formation with special reference to yolk 
biosynthesis and deposition is a pre-requisite for getting good quality eggs 
from captive breeders . During female gametogenesis the female germinal 
cells undergo a series of transformation . This starts when the undifferentiated 
gonia in the germinative zone of the ovary becomes oogonia by the mitotic 
cell divisions and then they enter the meiotic prophase leading to the formation 
of primary vitellogenic oocytes. At th is stage in the oocytes , different cell 
organelles such as the ribosomes, mitochondria, endoplasmic reticulum and 
golgi complex appear. They particularly synthesize the glycolipoprotein or 
the yolk required during the formation of egg. Upto this period gametogenesis 
will be a continuous process. Primary vitellogenesis stops when the oocytes 
reach a particular diameter typical to the species. This stage can be retained 
for a longer period in young females and during genital rest in the pubertal 
females. After primary vitellogenesis the oocytes enters into the secondary 
vitellogen ic phase. This is the most important stage in the female 
gametogenesis as it demands much time and energy. This starts with the 
uptake of vitellogenin , a serum protein precursor of the yolk , vitellogenin , 
which is believed to have synthesized in extraovarian organs and transported 
to the ovary through the haemolymph. During th is period , the secondary 
vitellogenesis also takes place. 
In decapod crustaceans especially in the lobster, the eggs are 
heavily yolk laden and the embryonic development is protracted. The embryonic 
development leading to the formation of the larvae will depend upon the yolk 
present in the egg. This will later reflect on the health of the larvae produced. 
Therefore, vitellogenesis is a crucial event in female gametogenesis. As soon 
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as vitellogenin enters into the oocyte, it will be transformed to yolk or the 
vitellin . 
For several years, the contribution of intra and extra ovarian 
sources to yolk production was a matter of discussion (Herp, 1992). The 
tissues, which are suspected to be involved in the yolk precursor or vitellogenin 
synthesis include hepatopancreas, haemocytes, adipose tissue, ovary etc. The 
relative role of ovarian as well as other somatic organs in contributing to the 
final yolk products are not well defined in several crustaceans. However, 
identification of the tissues that participate in the yolk precursor molecule is 
a critical prerequisite to study the vitellogenesis at the endocrine and cellular 
levels (Subramoniam, 1999). Once vitellogenesis is over, the next step is 
the oocyte maturation and this is nothing but the breaking down of germinal 
vesicle and the resumption of meiotic cell division. Since vitellogenesis is 
considered as the most important step in female gametogenesis, special 
attention should be paid to the control of vitellogenic mechanisms so as to 
control ovarian maturation and spawning in hatcheries. 
The initiation of oogenesis is not appeared to be controlled by a 
neurohormone but the oocyte growth and egg formation during vitellogenesis 
is controlled by these hormones ( Meusy and Payen, 1988). A significant 
discovery of the endocrine regulation of female reproduction in crustacean 
was made by Panouse ( 1943) when he demonstrated precocious maturation 
of ovary in the eyestalk ablated prawn, Palaemon serratus. Unlike the shrimps, 
reptantians show different responses to eyestalk ablation depending upon 
their moult stage. The finding that an inhibitory hormone , Gonad Inhibiting 
Hormone is present in the eyestalk was later confirmed in many other 
decapods. As technology progressed isolation, purification and structural 
cha racterisation of the hormones have been carried out. 
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Recent studies in the spiny lobster P. argus show that yolk protein 
biosynthesised in spiny lobster could be inhibited or blocked by eyestalk 
factors ( Quackenbush and Smith, 1994 ). Quackenbush ( 1994) has 
proposed that antibodies to yolk protein will be useful in the precise 
quantification of yolk during egg formation in other lobster species. 
Many examples of hormonal antagonism are available in insects, 
and the possible occurrence of a vitellogenin stimulating system in 
crustaceans have been proposed by Meusy and Payen ( 1988 ). Studies 
indicate that water soluble substances secreted by the neurosecretory cells 
in the brain as well as in the thoracic ganglia may have a stimulatory effect on 
vitellogenesis. But unlike GIH, the mode of action, precise origin and 
composition of these substances are not well understood. It is postulated 
that brain may produce some peptides which inturn stimulate the thoracic 
ganglion forthe production of another peptide, which will finally act upon the 
vitellogenin producing sites. It is proved that these stimulatory factors are 
also interspecific in action. Apart from these class of compounds, the presence 
of a stimulatory peptide from the eyestalk has been also indicated by 
Eastman-Reks and Fingerman ( 1984 ). The uncertainty in the stimulatory effect 
of such factors demand increased research effort in this area. 
Various studies reveal that the neuroregulators have a role in the 
crustacean reproduction by regulating the release of neurohormones. 
Neuroregulators are compounds that function as neurotransmitters or 
neuromodulators. Neurotransmitters transfer information from one neuron to 
an adjacent one while the neuromodulators amplify or dampen the activity of 
neurons. The classic neuroregulators are relatively small molecules, many of 
them being amino acid derivatives (Fingerman and Nagabhushanam, 1992). 
These are also known as biogenic amines. The biogenic amines that regulate 
the reproduction include 5-hydroxytryptamine, dopamine, octopamine and 
opioides. The positive effect of some of the neurotransmitters have found 
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the application of the same in . aquaculture. The physiological roles played . 
by the biogenic amines need further experimentation especially how they 
share their roles with other neurosecretory peptides, so that normal 
physiological activities are not disrupted. 
Keeping in mind the urgency as well as the importance of 
developing a suitable hormonal treatment for the artificial propagation of 
commercially important crustaceans,the present study has been undertaken 
to investigate the neuroendocrine control of vitellogenesis in the spiny lobster, 
P. homarus. P. homarus was selected as this species forms a commercially 
important species on both the coasts of India and has also been 
indiscriminately exploited resulting in reduced catches. A viable hatchery 
technology for any lobster species is yet to be developed in India. 
The objectives of the study formulated are: 
• To classify the different ovarian developmental stages using light 
microscope and electron microscope. 
• To study morphology of the central nervous system. 
• To study the structure, morphology, distribution and secretory activity 
of the neurosecretory cells in the optic ganglia, supraoesophageal 
ganglion and thoracic ganglia. 
• To correlate the neurosecretory cell secretory activity with the 
vitellogenic processes at the cellular and ultracellular level. 
• To characterise vite llogenin in the haemolymph and vitellin in the 
ovary. 
• To find out the site of synthesis of vitellogenin. 
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• To study the effect of supraoesophageal ganglion and thoracic 
ganglia extracts on vitellogenesis . 
• To study the role of biogenic amines, 5-hydroxytryptamine and 
3-hydroxytyramine (dopamine) on vitellogenesis . 
• To study the effect of bilateral eyestalk ablation ( BESA ) on 
vitellogenesis in relation to moult cycle. 
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REVIEW OF LITERATURE 
REVIEW OF LITERATURE 
Rapid strides have been made in crustacean reprodLtCtive 
endocrinology during the last century, which . paved way for remarkable 
progress in aquaculture production. Increasing knowledge of endocrine 
mechanisms controlling reproduction has been useful in evolving techniques 
for stimulating reproductive process leading to increase in yield in production 
systems. Female reproduction in crustaceans is known to be controlled both 
by extrinsic and intrinsic factors. Hatchery production of seeds became a reality 
with the increasing knowledge offemale reproductive physiology. Studies on 
the factors which control reproduction in crustacean dates back to early part of 
the twentieth century when Hanstrom ( 1931 ) observed neurosecretory cells in 
the eyestalk of several crustaceans. Infact, the sinus gland was first described 
by Hanstrom ( 1933 ). These studies got a momentum with the Panouse's 
experiment in 1943. He found an ovarian inhibiting factor in the eyestalk, and 
eyestalk ablation of the prawn Pa/aemon serratus during the period of genital 
rest resulted in accelerated maturation and spawning. Thereafter intensive 
studies were carried out to investigate the different steps in gametogenesis 
as well as the factors controlling it. Extensive information is available on 
reproductive biology and physiology of lobsters and the reproductive pattern 
in relation to the environmental variables (Nelson et al., 1988a, b; Waddy and 
Aiken , 1992 ). The successful characterization of yolk protein and eyestalk 
peptide hormones that regulate moulting and gonadal development have led 
to new area of studies in lobster reproduction ( Chang et al., 1990; Soyez 
et al., 1991 and Quackenbush and Smith, 1994). 
Much emphasis was given to female gametogenesis because, the 
hatchery production of quality seeds to a larger extent depend on this process. 
These investigations revealed that the oocyte of crustaceans undergo a series 
of morphological changes during the reproductive cycle ( Herp, 1992 ). 
Vitellogenesis is a stage in the reproductive cycle at which the oocyte size 
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increases significantly mainly by t~l \ cor:015 ~iidn ~f y'6lk material during 1chrn . 6 ~~ 1- . 
the breeding season. This relationship between the stage of vitellogenesis 
and breeding season explains the interest of aquaculture research on controlled 
reproduction (Herp, 1992). 
Crustaceans have a full range of neuronal structures modified for 
the production and secretion of neurohormones and neuroregulators that 
control various physiological activities including reproduction . The 
neurosecretory cells which control female reproduction especially the process 
of vitellogenesis is mainly distributed in the optic ganglia, supraoesophageal 
ganglion and thoracic ganglia. For the successfu l captive breeding of 
lobsters, precise knowledge of the source, nature and mode of action of these 
neuroendocrine factors in relation to vitellogenesis is imperative. Stud ies on 
reproductive biology of lobsters have continued to provide some surprises 
for the last several years (Quackenbush , 1993). The characterization of 
yolk proteins (Tsukimura et al. 1992, Quackenbush and Smith, 1994) and 
the eyestalk peptides which control moulting and reproduction 
( Chang et al., 1990; Soyez et al., 1991) have been carried out. These 
breakthroughs will be applied in the coming years to a whole host of new stUdies 
on lobster reproduction and the information will offer a new perspective on the 
regulation of re[lroduction that could be applied to palinurid lobsters in the 
futur (Quackenbush, 1993). 
2.1 Morphology and cytology of ovary 
Several authors have classified the ovarian maturity stages 
macroscopically based on colour and weight of the ovary in relation to whole 
v' 
body weight (Berry, 1971 ). light microscopy and electronmicroscopy were 
employed to elucidate the processes involved in vitellogenesis in crustaceans 
of aquacu lture interest like shrimps, crabs, cray fish and lobsters. 
l 
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Seven macroscopic stages were reported for Jasus edwardsii 
and J. lalandii (Fielder, 1964) six for Panulirus homarus rubel/us (Berry, 
1971 ), five or six for the Norway lobster Nephrops norvegicus (Farmer, 
1974b; Thomas 1964 ). The ovarian anatomy of Homarus americanus was 
studied by Aiken and Waddy ( 1980). .S_chade and Shivers (1980) 
investigated the ultrastructural changes that occur at the surface and cytoplasm 
of oocytes in the immature, vitellogenic and mature ovary of the American 
lobster H. americanus and this study revealed that there is a dual source of 
yolk protein. Juinio ( 1987) described the histology and the development of 
~he ovary in Panulirus penicillatus. This conformed to the general decapod 
pattern with the ovary having an H-shaped structure and the ovary wall 
consisting of a thinner outer epithelial layer, a th icker inner layer of connective 
tissue and an innermost layer, the germinal epithelium without the lumen. The 
ovary was classified into immature, developing, redeveloping , ripe stage, 
spawned spent I inactive stage. Nakamura ( 1990 ) studied the female 
reproductive system of the spiny lobster Panulirus japonicus anatomically. 
Development of the ovary was observed histologically to classify the maturation 
process of the oocyte . Histomorphological classification of the female 
reproductive system of two spacies of scyllarid lobsters, Ibacus peronii and 
Ibacus sp. were carried out ( Stewart et al., 1997 ). 
The histomorphology of the female reproductive system have been 
studied in many other crustaceans. This include Penaeus setiferus (King, 
1948 ), crayfish (Beams and Kessel 1962 and 1963 ), Libinia emarginata 
(Hinsch and Cone, 1969), Penaeusjaponicus ( Yano and Chinzei, 1986 ) 
Coenobita clypeatus (Komm and Hinsch, 1987 ), Penaeus vannamei (Yano 
1988 ) Penaeus in dicus, ( Mohamed 1989 ), Pandalus kessleri ( Quinito 
et al. , 1990 ), Macrobrachium rosenbergii ( Chang and Shih, 1995 ), 
Penaeus monodon (Joseph , 1996) , Cherax quadricarinatus ( Abdu et al. , 
2000) and Penaeus merguiensis ( ZClcharia , 2001 ). 
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During the process of oogenesis the crustacean oocytes undergo 
a series of changes. The process of oogenesis has been studied and classified 
at the cellular and ultracellular level by various authors io several decapod 
species; P. setirer us ( King, 1948 ), cray fish ( Beams and Kessel, 1962 and 
1963), L. emarginata (Hinsch and Cone, 1969 ), H. americanus (Schade 
and Shivers, 1980), P. penicillatus (Juinio, 1987), C. clypeatus (Komm 
and Hinsch, 1987), P. kessleri (Quinito et al., 1989), P. vannamei (Yano 
et al., 1988), P. indicus ( Mohamed, 1989), M. rosenbergii (Chang and 
Shih, 1995 ) > P. monodon (Joseph, 1996), I. peronii and Ibacus sp. 
( Stewart et al. , 1997). C. quadricarinatus (Abdu et al., 2000) and 
P. me'rguiensis (Zacharia, 2001). But the ultra structural studies of 
oogenesis have been carried out only in a very few species, viz. crayfish , 
P. indicus, P. monodon, H. american us, and P. kessleri. 
2.2 Neuroendocrine system 
Several physiologica l functions of the crustaceans, such as 
reproduction and growth are known to be under the control of neuroendocrine 
hormones ( Adiyodi and Adiyodi , 1970). The neuroendocrine system in 
crustacea is complex and the neurosecretory cells which control various 
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physiological activities are distributed throughout the central nervous system. 
A knowledge on the precise location, type and their secretory cycle during the 
major physiological activities form the foundation for further characterisation , 
purification and synthesis of neurohormones. Stud ies have been carried out 
on these aspects. The neurosecretory cells have been classified with respect 
t? the size, shape, texture etc. Further characteristics like molecular weight 
determination , sequencing, purification etc. of a few neurohormones have also 
been carried out. 
The general structure of the central nervous system was 
described in the lobsters P. polyphagus (George et al., 1955 ), 
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H. americanus ( Bullock and Horridge, 1965) and J. lalandii ( Paterson, 
1968). Mohamed (1989) and Joseph (1996 ) investigated the general 
morphology of the central nervous system of P. indicus and P. monodon. 
Matsumoto (1962) conducted studies on the experimental changes in the 
activity of neurosecretory cells in the thoracic ganglia of a crab Hemigraspus 
sp. during the reproductive cycles. Shivers (1967) investigated the fine structure 
of optic ganglia of crayfish by correlating the light and electron microscopic 
studies. Matsumoto (195B) carried out studies on the neurosecretion in five 
species of crabs, viz. Potaman dehaani, Eriocheir japonicus, Chionectes 
api/io, Neptunus trituberculatus, and Sesarma intermedia. The 
neurosecretory cells in all kinds of ganglia under various conditions were 
classified and mapped . 
The histological studies of the neurosecretory system of the cray 
fish Orconectes virilis were done ( Durand, 1956 ) . He located and classified 
the neurosecretory cell groups of eyestalk and brain. The micro anatomy of 
the eyestalk Orconectes nais was investigated by Shivers (1967) . 
Histological observation of the cephalic neurosecretory system of the crab 
Paragraspus gainardii was carried out (Lake, 1970). The structural 
description of eyestalk, brain and tritocerebral commissure ganglia and the 
classification of various neurosecretory cell groups were dealt with. Nakamura 
(1974) studied the neurosecretory system of the prawn, P. japonicus and 
investigated the positional relationship of the all groups located in the 
supraoesophageal and the optic ganglia. The structure of type I neurosecretory 
somata of the cray fish O. virilis in the medulla terminalis was _ studied 
histologically and ultrastructurally. Herp et al. (1977) studied the histology of 
the eyestalk of P. serratus using characteristic staining techniques. The basic 
structure of the eyestalk was described. 
Different types of neurosecretory cells were observed by Chandi 
and Kolwalker (1985) in the brain, thoracic ganglia and circumoesophageal 
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connective ganglia and optic ganglia of the marine crab Charybdis lucifera . 
The neurosecretory material could be found throughout the tract and suggested 
the transport of the neurosecretory product to the sinus gland via the x-organ . 
tract. 
Mohamed et al. (1993) studied the histomorphology of the 
neurosecretory system in the Indian white prawn P. indicus. Neurosecretory 
system was described in detail including the cell types, distribution and the 
cyclic activities of these cells. The ontogeny of the sinus gland in larvae and 
post larvae of Homarus gammarus was investigated by Rotllant et al., 
( 1994 ). Rotllant et al. (1995) also traced the ontogeny of the eyestalk 
neuroendocrine centres of the European lobster H. gammarus during the 
embryonic development using light microscopy and electron microscopy. 
The entire central nervous system of the shrimp P. monodon was studied 
( Joseph, 1996 ). The classification, and mapping of various neurosecretory 
cells were also carried out. The secretory activity of the same was correlated 
with the female reproductive cycle . Using specific staining techniques , 
cytological study of the sinus gland of the Norway lobster Nephrops norvegicus 
was carried out by Giulianini et al. (1998) . 
From detailed histophysiological studies it was concluded the GIH 
inhibits vitellogenesis and there are also various other studies in favour of 
the existence of a stimulating neurohormonal control of vitellogenesis (Otsu, 
1960; Kulkarni et al., 1981; Eastman-Reks and Fingerman, 1984; Takayangi 
et a/., 1986; Yano et al., 1988; Meusy et al., 19&7; Soyez et a/., 1991 ; Meusy 
and Soyez,1991; Kulkarni et al., 1991; Subramoniam and Keller, 1993; 
Joseph, 1996; Zacharia, 2001 ). Studies have been conducted on the secretory 
cycle of the neurosecretory cells and there were also attempts to correlate 
the secretory activity of the neurosecretory cells with the ovarian development 
( Durand , 1956; Matsumoto, 1962; Mohamed et a/., 1993; Joseph , 1996). 
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2.3 Characterisation and biosynthesis of yolk proteins 
In crustaceans, substantial quantities of yolk accumulates within the 
developing oocytes and serve to meet the basic requirements of embryonic 
and larval development which is independent of the maternal organisms. The 
composition of yolk could vary from species to species and sometimes even 
among individuals, depending on diet (Adiyodi and Subramoniam, 1983). 
Therefore, aquaculture to a large extent depend on the control of vitellogenic 
mechanisms. The puberty concept in crustaceans is also built on the ability 
to carryout vitellogenesis . Vitellogenin is a high molecular weight protein 
associated with lipidic, glucidic and carotenoid prosthetic groups. The different 
sub units and the molecular weights of vitellogenin and lipovitellin have been 
determined. 
The vitellin subunits of P. japonicus was characterised by Vazquez 
- Boucard et al., 1986. Derelle ( 1986) characterised the vitellin and vitellogenin 
of M. rosenbergii. Eastman-Reks and Fingerman (1987) conducted in 
vitro studies in the ovary of the Fiddler crab Uca pugilator and reported two 
vitellin subunits. The characterisation of vitellin in a hermophradite shrimp 
P. kess/eri has been carried out ( Quinito et al., 1989 ). Tom et al. 
( 1992) carried out a comparative study of the ovarian protein from two penaeid 
shrimps P. semisulcatus and P. vannamei. Studies on the purification and 
characterization of vitellin from the mature ovaries of the prawn 
M. rosenbergii were carried out (Chang et al. 1993). Chang et al. 
( 1993 a ) purified and characterized the FSP ( vitellogenin) and vitellin 
( 1994) of the prawn P. mono don. Chen and Chen ( 1994) also 
characterised the vitellin of P. mcnodon. Purification and characterisation 
of vitellin and vitellogenin from the mature ovary of the prawn, P. chinensis 
were carried out by Chang et al. , (1996) and Chang and Jeng ( 1995 b) 
respectively. Much studies were conducted on P. semisulcatus for 
the characterisation of vitellin (Browdy et al., 1990, Tom et al., 1987, 
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Khayat etal., 1994and Lubzensetal., 1997). Lubzens etal. (1997) also 
characterised the vitellogenin of P. semisulcatus. Longyant et al. (1999 ) 
produced monoclonal antibodies specific to vitellin and vitellogenin of 
giant prawn, P. monodon and molecular weight of different subunits of vitellin 
and vitellogenin was determined. Using monoclonal antibodies specific to 
vitellin subunits, the vitellin and vitellogenin was further characterised by 
Longyant et al. (2000). The vitellin and vitellogenin subunits of P. merguiensis 
were isolated and characterised by Zacharia (2001 ). 
The site of synthesis of vitellogenin has been a matter of 
controversy for several decades. The site of vitellogenin synthesis was quite 
known lately and the question is not yet elucidated completely (Meusy and 
Payen, 1988). Both exogenous and endogenous synthesis of yolk protein is 
being proposed and proved in several crustaceans. Fat body, haemocytes 
and hepatopancreas are considered as the sites'of vitellogenin synthesis 
in many crustaceans. 
Byard and Aiken ( 1984) could identify a Female Specific Protein 
identical to oocyte vitellogenin in the haemolymph of vitellogenic American 
lobster, H. american us. Increasing Female Specific Protein ( FSP ) titres in 
the haemolymph during vitellogenesis and maximum levels well prior to 
oviposition were reported and the FSP is considered as good index of 
vitellogenesis and FSP could be an extraoocytic precursor of lipovitellin in the 
oocyte. To know whether ovary is the site of vitellogenin synthesis, Yano and 
Chinzei ( 1981) conducted in vitro studies on the hepatopancreas and ovary 
of the Kuruma prawn , P. japonicus . The protein synthesized by the 
hepatopancreas in vitro did not show any precipitin line against anti vitellin 
serum whereas ovary did and hence suggested that ovary as the site of 
vitellogenin synthesis. 
Studies conducted on Procambarus sp. and Pachygraspus 
crassipes ( Lui et al., 1976). U. pugilator ( Eastman-Reks and Fingerman, 
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1985) and P. japonicus (Yano and Chinzei , 1987 ) implicated ovary as the 
site of synthesis of vitellogenin. Fainzilber et al. ( 1989 ) stud ied the protein 
synthesis in vitro in cultures of the subep idermal adipose tissue 
( SAT ) and ovary of the shrimp P. semisulcatus and compared the de novo 
synthesis of peptide from the SAT and ovary and suggested synthesis of 
differeflt proteins in each tissue. The results ind icate that major portion of 
ovarian synthesis is immunoreactive proteins. Fainizilber et al. ( 1992 ) again 
conducted in vitro studies in the SAT and hepatopancreas to know whether 
an extraovarian synthesis of viteliogenin exist in the penaeid shrimp , 
P. semisulcatus and come out with the conclusion that at all the stages of 
female reproduction, SAT did not synthesise vite llin specific protein . Shafir 
et al. ( 1992) incorporated ( in vivo) labelled methionine into proteins , 
vitellogenin and vitellin in females of the shrimp P. semisulcatus. The 
results showed more intense involvement of hepatopancreas in the vitellogenic 
process and rapid vitellin accumulation in the ovary indicating a role for the 
haemolymph in transporting vitellogenin between its processing sites. 
Immunocytochemical identification of the site of vitellogenin 
synthesis in the fresh water prawn M. nipponese was stud ied by Han et al. 
( 1994) and opined that vitellogenin is synthesized in the hepatopancreas 
and SAT in females at the exogenous vitellogenic stage. Sagi et al. (1995) 
conducted studies on M. rosenbergii to know whether an ovarian vitellin 
synthesis exist and from the results the existence of an extraovarian source 
of vitellogenin was suggested. In Scylla serrata also extraovarian synthesis 
of vitellogenin was reported ( Rani and Subramoniam, 1997 ) . 
Ultrastructural stud ies on oogenesis on cray fish , ( Beams and 
Kessel, 1963 ), H. americanus ( Shade and Shivers, 1984, P. kessleri 
( Quinito et al., 1989) and P. mono don (Jose~h , 1996 ) also indicated the 
existence of extra oocytic synthesis of yolk materia l. 
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2.4 Bioassays 
A considerable amount of bioassays were conducted to investigate 
the role of various neurosecretory products. This consist of neurohormones 
and neuromodulators controlling vitellogenesis. The bioassays include the 
eyestalk ablation experiments and injection experiments. The injection 
experiments are carried out either by the administration of the homogenized 
extract of the central nervous tissue or by the administration of the synthetic 
form of the neuromodulators. 
2.4.1 Injection experiments 
2.4.1.1 Ganglionic extracts 
After establishing the fact that the central nervous system forms the 
seat of many neurohormones which control various vital activities, experiments 
have been conducted by injecting crude ganglionic extracts to study the effect 
on growth and reproduction . Such studies were initiated by Otsu ( 1960 ) 
following the implantation of thoracic ganglion in the crab, P. dehaani. Hinsch 
and Bennet ( 1979) studied the induction of vitellogenesis in immature spider 
crab L. emarginata following eyestalk ablation and the implantation of thoracic 
ganglia from mature females. 
In vivo and in vitro effects of the extracts of the central nervous 
system (brain and thoracic ganglia) on ovarian development in the shrimp 
Paratya compressa were stud ied by Takayangi et al. (1986). Yano et al. 
( 19B9) conducted an experiment by implanting lobster ganglion in 
P. vanname; and the study indicated that ovarian maturation could be induced 
and accelerated by implanting thoracic ganglion prepared from maturing 
females of another species and the induction and acceleration of vitellogenesis 
was achieved by a gonad stimulating hormone secreted by the thoracic ganglia. 
Effects of injections of eyestalk, brain and thoracic ganglia extracts on the 
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ovarian development of eyestalkless and normal Parapenaeopsis hardwickii 
were investigated by Kulkarni et al. (1981) . In normal prawns, significant 
increase in the ovarian index and oocyte diameter after the injections of brain 
and thoracic ganglia extract was observed. 
Eastman - Reks and Fingerman ( 1984 ) investigated the activity 
of the thoracic ganglia extract prepared from female U. pugilatorto induce 
precocious ovarian maturation in intact and eyestalkless crabs. They also 
stud ied the role of thoracic ganglia extracts to induce accelerated ovarian 
growth at various phases of the reproductive cycle. Induced maturation of 
P. vannameiwas carried out by the injection of lobster brain extract (Yano 
and Wyban, 1992) Joseph ( 1996) conducted bioassays to know whether 
the extraction of eyestalk, brain and thoracic ganglia of maturing P. monodon 
females have got any ovarian stimulating activity when injected into the 
immature individuals. Extracts of cerebral ganglion and thoracic ganglia from 
the vite llogenic shrimps were injected to the immature P. merguiensis 
( Zacharia, 2001 ) to study their effect on ovarian maturation. 
2.4.1 .2 Biogenic amines 
A wide range of biogenic amines which can play magnificent ro le 
as neuroregulators has been found in the crustacean central nervous system 
( Quackenbush, 1986). While some of the neurotransmitters accelerate 
vitellogenesis others inhibit. Among the neuroregulators tested for possible 
roles in crustacean reproduction were 5 - hydroxytryptamine ( 5-HT) and 3 -
hydroxytyramine (dopamine ). 
There are reports showing the presence of various neuroregulators 
in the central nervous system of crustaceans. Using flourescence techniques, 
dopamine was demonstrated as the dominant catecholamine present, even 
though smaller amounts of 5-hydroxy tryptamine and 5-hydroxytryptophan were 
also demonstrated ( Elofssen, 1966). Butler and Fingerman ( 1983) reported 
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dopamine in brain and thoracic ganglia of the blue crab, Callinectes sapidus 
and Uca panacea. 
Female U. pugilatorwhen injected with 5 - HT ( Richardson et al., 
1991 ) showed increased dose dependent ovarian development. A series of 
experiments conducted by Fingerman and Nagabhushanam ( 1992a ) revealed 
that 5 - HT stimulates ovarian development when injected into the fiddler crab 
U. pugilator and red swamp crayfish P. clarkii. Effects of 5 - HT agonists on 
ovarian development in the fiddler crab U. pugilator were studied by Kulkarni 
and Fingerman ( 1992b). They came out with the ' opinion that 5 - HT exerts 
its effect on the ovary indirectly by stimulating.the release of an ovary stimulating 
neurohormone. Kulkarni et al. (1992c) investigated the possibility of 5 - HT 
stimulating the ovarian development. The crayfish given 5 - HT showed 
significant increase in ovarian index and oocyte size over the controls. 
Sarojini et al ( 1995 b ) incubated ovarian explants from the crayfish 
P. clarkiiwith 5-HT, ovarian explants with 5 -HT and brain, ovarian tissue with 
5-HT and thoracic gang lia and in the control , muscle was used instead of 
ovary. In vitro without brain or thoracic ganglia in the incubation medium had 
no signi fi cant effect on ovarian explants whi le 5-HT with bra in and thoracic 
gang lia induced ovarian maturation'. Studies on the influence of eyestalk 
ablation and 5-HT on the gonadal development of a crab P. hydrodromus were 
carried out ( Raghunathan and Arivazhagan , 1999 ). 5-HT was injected to the 
immature P. merguiensis (Zacharia , 2001 ) to investigate their effect on 
ovarian development. Compared to 5-HT the effect of dopamine on 
vitellogenesis was studied only in a very few crustaceans , P. c/arkii ( Kulkarni 
et al., 1992), P. clarkii ( Sarojini et al., 1995d ), U. pugilator ( Richardson, 
1991 , Sharmila, 1997). In most of the previous studies 5-HT accelerated the 
process of vitellogenesis and dopamine inhibited. 
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2.4.2 Eyestalk ablation experiments 
Reproduction and moulting are two processes which dominate a 
great part ofthe life time of most crustaceans ( Herp, 1992 ). Eyestalk ablation 
has been practised in many decapod crustaceans which lead to accelerated 
molting, ovarian growth and precocious maturation. Molting and reproduction 
are the two major metabolic events involving cyclic mobilization of organic 
reserves from the storage depots to the epidermis and gonad, respectively. 
Though they are temporally somewhat separated, the functions are inseparably 
integrated with one another (Adiyodi, 1970 ). Quite a lot of work has been 
carried out on this aspect. Though bilateral and un ilateral eyestalk ablation 
accelerates ovarian development in decapod crustaceans like shrimps, the 
unilateral eyestalk ablation has little effect on lobsters. At the same time bilateral 
eyestalk ablation did induce ovarian maturation ( Radhakrishnan and 
Vijayakumaran , 1984a and 1984c). In Natantia which includes shrimp & 
prawns, reproduction and moulting show synerg ism. In reptantia (lobster ) 
reproduction and moulting are antagonistic. ie, ovarian development takes 
place during the intermoult period (Quackenbush , 1986 ). At the time of 
moulting the ovarian development is ceased or at a slow pace. 
Quackenbush and Hernkind (1981) investigated the effects of 
eyes talk ablation on the regulation of molt and gonadal development in the 
spiny lobster, Panulirus argus. Radhakrishnan and Vijayakumaran ( 1984a 
and 1984c ) conducted eyestalk ablation studies on the spiny lobster 
P. homarus to trace its effect on gonadal maturity and reported that eyestalk 
ablation accelerated gonadal growth in both males and females. Antagonism 
between somatic growth and ovarian growth during different phases in 
intermoult stage ( stage C, sub stage C4 ) in sexually mature fresh water 
crab, P. hydrodromous was studied by Gupta et al. (1987) . They classified 
the inter-moult stage into two phases; a) reproductive phase in which 
emphasis is more on reproduction and much less on somatic growth and b) a 
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somatic phase where the reverse process takes place. Bilateral eyestalk 
ablation resulted in accelerated moulting frequency, weight gain and gonadal 
development indicating the presence of Gonad Inhibiting Hormone (GIH) and 
Moult Inh ibiting Hormone ( MIH ) in spiny lobsters. 
Vitellogenesis is the most important step in female gametogenesis . 
This is associated with several complex processes that lead to the formation 
of mature oocytes in the ovary ( Shaf:i ·r et a/., 1992 ). Most of the studies are 
on endocrine control of vitellogenesis in crabs and temperate species of spiny 
lobsters. Therefore, an attempt has been made in this study to investigate the 
neuroendocrine control of vitellogenesis in the tropical spiny lobster , 
P. homarus. To achieve this objective the ovarian maturity stages were 
classified histomorphologically and ultrastructurally. The different neurosecretory 
cells in the eyestalk, supraoesophageal ganglia, and thoracic ganglia have 
been identified, classified and located. Female specific protein , vitellogenin 
and the yolk protein vitellin were identified. The number of subunits and their 
molecular weights were determined . Site of synthesis of vitellogenin was also 
traced out. Their secretory activity with respect to the reproductive cycle also 
has been investigated . Different bioassays were conducted . Bilateral 
eyestalk ablation studies were carried out during the early and late intermoult 
stages to know whether a vitellogenic or a reproductive phase and a somatic 
phase present in the intermoult stage. Since most of the work carried out 
postulates a vitellogenin st imulating hormone is present in the brain and the 
thoracic ganglia, the brain and thoracic ganglia of the maturing lobsters were 
injected into the adult ones with immature ovary at the early intermoult stage to 
investigate their vitellogenin stimulating activity. Because of the significant 
roles played by the neurotransmitters in controlling the reproduction by 
stimulating and inhibiting the release of neurohormones, rearing experiments 
were conducted to check the role of 5-HT and dopamine on vitellogenesis. 
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MATERIAL AND METHODS 
3.1 Experimental animals 
The spiny lobster P. homarus forms seasonal fishery along the South 
West and South East coasts of India. Lobsters for the study were collected 
from the fishermen and transported alive to the laboratory. They were held in 
FRP tanks containing fresh filtered sea water. Experimental animals were 
stocked at a density of 5 Nos.!t of sea water. Sediments were removed and 
water was exchange regularly and water level was maintained by adding fresh 
sea water. Ae . .ration was provided by an air blower. Animals were exposed to 
ambient photoperiod conditions in the laboratory. Salinity (using an 'ATAG', 
salinity refractometer), temperature and dissolved oxygen ( Winkler method) 
were monitored frequently. Optimum temperature, Salinity and dissolved oxygen 
were always maintained in the tanks. 
3.2 Measurement of length and weight 
The carapace length was taken from the distance along the dorsal 
midline from the transverse ridge between the supraorbital horns to the 
posterior extremity of the cephalothorax ( Berry, 1971 ). Weight of the lobster 
was taken using a top pan balance. The ovary measurements were taken using 
an electronic balance to an accuracy of one milligram. 
3.3 Sea water 
Sea water was pumped onshore into a large sump and allowed to 
settle. The clear water was then pumped into an overhead tank and used. 
Incoming sea water was having an average salinity of 35 ppt. 
22 
3.4 Chemicals 
5-hydroxytryptamine and 3-hydroxytyramine for the injection 
experiments were obtained from Sigma. The protein markers were obtained 
from Bangalore Genie ( Pvt) Limited. All the reagents used were of Analytical 
grade. 
3.5 Determination of ovarian stages 
The ovarian maturity stages were classified based on the 
morphological characteristics such as colour, weight, texture and the Gonado 
Somatic Index ( GSI ). The process of oogenesis was studied using light 
microscopy and electron microscopy. Micrometric measurements were taken 
using an occular micrometer calibrated with a stage micrometer. To estimate 
the size of a cell the average of the longest and shortest axis was taken. 
Gonado Somatic Index (GSI) = Weight of the ovary x 1 CO 
Weight of the animal 
3.6 Histology 
Ovary, the eyestalk, the supraoesophageal ganglion and the thoracic 
ganglia at various sieges of development were excised freshly from the lobsters 
for histological sections. After washing with physiolog ical saline, the pieces of 
ovarian tissues were fixed in Bouine's fixative. These were then washed in 
runn ing tap water overnight. Then the tissues were serially dehydrated in 
alcohol. cleared in benzene and methyl benzoate and finally embedded in 
paraffin wax with a melting point of 58-60°c. Sections were cut at 6-11 ~l 
thickness using a Rotary microtome. The neuroendocrine tissues were also 
processed similarly and serial sections were taken. The sections of the ovary 
were sta ined with hematoxylene and eosine ( Bancroft and Stevens. 1977 ). 
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The neurosecretory cells in the neuroendocrine tissues were identified by 
staining the sections by Gomori 's paraldehyde fuchsin method according to 
Cameron and Steles ( 1950) and Mallory's triple staining method (Mallory, 
1944 ). The sections were photographed using a Nikon fdx 35 
microphotography system. 
3.7 Transmission electron microscopy 
The ovarian tissues and the neurosecretory tissues excised from 
the lobsters were washed with sali:1e and cut into small pieces. These were 
fixed in 3% buffered glutaraldehyde solution for two hours at 4°C following 
immersion fixation technique. Decanted tissues were washed with the buffer (0.1 M 
sodium cacodylate) for 15 minutes for three changes. These were stored in the 
buffer till the same were post fixed in 1 % osmium tetroxide for two hours at 
4°C. These tissues were then dehydrated in acetone at different concentrations 
of 30%, 50%, 70% and 90% each for 10 minutes and finally in 100% with two 
changes of twenty minutes each at room temperature. The infiltration was done 
in Spurr's resin (Spurr, 1969) combined with acetone in the ratio of 1 :3,1:1 
and 3: 1 for one hour each. After infiltration, the tissues were made into blocks 
in plastic vials and kept in 'cinex' incubators setting the temperature at 70°C 
for nine hours. From the polymerised blocks, ultra sections were cut in the 
LKB Ultratome NOVA and were stained in Uranyl acetate and Lead citrate, for 
double staining to enhance the contrast. The ultra thin sections were mounted 
on the grids and the image observed are recorded and photographed in the 
Hitachi H 600 Transmission Electron Microscope. 
3.8 Electrophoresis 
The basic methodology adopted for Poly Acrylamide Gel 
Electrophoresis ( PAGE) and SDS-PAGE were described by Dav is 
( 1964) and Laemmli et al. (1971 ) respectively. 
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3.8.1 Immunoelectrophoresis 
The vitellogenin and vitellin are immunologically related . 
Immunoelectrophoresis to find out the vitellin and vitellogenin bands were 
carried out by transfer method (Fyffe and O'Connor, 1974) with modifications. 
Antibody to vitellogenin and lipovitellin were raised by active immunization by 
injecting the antigen, i.e. the mature ovarian extract. Antigen - antibody reaction 
is carried out in the gelified medium of polyacrylamide. Bands of precipitation 
form wherever an antibody and its corresponding antigel) meet at the optimal 
proportion. 
3.8.1.1 Preparation and injection of antigens 
The prepared fully secondary vitellogenic ovary ( Stage V3 ) extract 
was used as the antigen. This was prepared by homogenizing 0.5 g of the 
ovary with 1 ml of phosphate Buffer Saline ( pH-7.4 ). This was centrifuged at 
4°C, at 10,000 rpm for 15 minutes. The supernatent was used for the 
preparation of antisera but the lipid cap and the precipitate were discarded . 
The protein concentration of the supernatent was 5.65 mg/ml. Prote in 
concentration was determined by Biurette method (Gornall et al., 1949 ). 
3.8.1.2 Production of antisera 
Albino rabbit was used for raising the antiserum. Two nine months 
old male albino rabbits were obtained from Vetinary College, Kerala Agricultural 
University, Trichur. One of them was used for raising the antibody while the 
other one was kept as the control. 
0.5 ml of the antigen was emulsified with equal volume of Freund's 
incomplete adjuvant and this constituted the first dose. The control animal 
received an injection of 0.5 ml of the Freund 's incomplete adjuvant emulsified 
with 0.5 ml of Phosphate Buffered Saline (PBS ). The second dose was given 
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on the seventh day. The final and the third dose contained double the protein 
concentration and was given on the 21st day. The injection was administered 
intramuscularly. 
3.8.1.3 Collection of antisera 
The blood was collected on the 27th and 34th day. Blood was drawn 
directly from the heart using a syringe. It was collected in a sterilized and 
boiling test tube and was kept in a slanting position overnight in the refrigerator 
for the serum separation. The separated antiserum was drawn with the help of 
a micropipette and centrifuged at 7860 rpm for 10 minutes ( Ezhilarasi and 
Subramoniam, 1982 ). The serum was stored in the freezer till the use. 
3.8.1.4 Isolation of vitellin and vitellogenin 
For the separation of vitellin, the extracts from vitellogenic ovaries 
were used . Ovarian tissue was excised and washed in saline. It was kept in 
the freezer for a few days. Then it was homogenized in the distilled water at a 
concentration of 3 mg/ml using a hand homogenizer. The aliquotes were then 
centrifuged for 15 minutes at 10, 000 rpm at 40°C. The lipid cap was removed 
and the supernatent was taken and stored in vials in a freezer. For isolation of 
vitellogenin, haemolymph was collected from the secondary vitellogenic 
lobsters. After separating the clot, serum was centrifuged at 10,000 rpm for 
15 minutes. The supernatent was taken and stored in a freezer. 
The proteins were separated by vertical native PAGE. The 
principle of electrophoresis is that, the charged ions or groups will migrate 
towards one of the electrodes when placed in an electric field. Since proteins 
have different net charges and molecular size, they will migrate at different 
rates within an electric field. The rate of electrophoretic migration depends on 
the net charge differences , pH and the size and the shape of the molecules. 
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The rate of migration differ in different ionic medium and their difference is 
used to separate components of a protein mixture. 
3.8.1.5 Standardisation of PAGE 
Discontinuous electrophoresis was carried out with a stacking gel. 
Separating gels of 6.5%, 7% and 7.5% were tried to choose an ideal 
percentage. Finally 7% concentration gave a better separation and this 
concentration was selected (Table 1 and 2) .. 
3.8.1.6 Casting of 7% gel 
The separating gel components were mixed gently and poured into 
the prepared cassette. Few drops of butanol were over layered to prevent 
meniscus formation and the gel was left undisturbed to set. After 
polymerization of the separating gel, the overlaying butanol was removed and 
the cassette was washed with double distilled water and dried. The prepared 
stacking gel mixture was then poured over the separating gel. The comb was 
placed in the stacking gel and allowed to set. After the gel had polymerized, 
the comb was removed without distorting the shape of the well. 
3.8.1 .7 Sample application and electrophoresis 
Sample was prepared by mixing the loading buffer with the sample. 
The ovarian sample was prepared by mixing 15 ~d of the ovarian sample 
supernatent with 45 ~I of loading buffer while the vitellogenin sample was 
prepared by mixing 8 ~I of the serum with 52 ~I of the loading buffer. The gel 
was carefully set on the electrophoretic apparatus after removing the clips, 
bottom spacers etc. with the notched plate facing the upper tank, using the 
clamps and screws provided. The electrode buffer was poured to the tanks 
and care was taken to avoid the entrapment of air bubble at the bottom of the 
gel. The prepared samples were applied to the wells in the stacking gel and 
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Table 1: Reagents for electrophoresis 
PAGE 
I. Stock acrylamide solution 
Acrylamide 29.100 g 
Bisacrylamide 0.900 g 
II. Gel buffers 
lIa. separating gel buffer (pH 8.9) 
1.8 M Tris 21 .800 g I 
100 ml 
lib. Stacking gel buffer (pH 6.8) 
0.5M Tris 3.028 g 50ml 
III. Polymerizing agent 
10% Frosh ammonium per sulphate 10 g 100 ml 
IV. Electrode buffer (pH 8.3) 
1100 ml Gycine 2.85 g Tris 0.68'3 
V. TEMED 
SDS-PAGE 
I. Stock acrylamide solution 
Acrylamide 29.100 g 
Bisacrylamide 0.900 g 
II. Gel buffers 
lIa. separating gel buffer (pH 8.8) 
9.086 gl 1.5 M Tris 50ml 
lib. Stacking gel buffer (pH6.8) 
0.5M Tris 3.028 g 50ml 
III. Electrode buffer (pH - 8.3) 
0.05M Tris Hel 7.88 g I 
0.383 M Glycine 28.8279 100 ml 
IV. 10% SDS 10 g I 100 ml V. Polymerizing agent I Fresh 10% Ammonium 10g 100 ml per sulphate 
VI. TEMED 
Table 2: Composition of native PAGE and SDS - PAGE 
PAGE (7%) SDS-PAGE (12.5%) 
Separating gel Separating gel 
Acrylamide stock solution 9.30ml Acrylamide stock solution 16.60ml 
Separating gel buffer 10.00 ml Separating gel buffer 10.00 ml 
APS 0.64ml 10% SDS 00.40 ml 
TEMED 50 ~I APS 233.40 ~I 
Double distilled water (DDW) 20.06 ml TEMED 40.00 ~I 
Stacking gel Double distilled water (DDW) 20.06 ml 
Acrylamide stock solution 2.91 ml Stacking gel 
Stacking gel buffer 6.25ml Acrylamide stock solution 5.200 ml 
APS 0.20ml Stacking gel buffer 6.25ml 
TEMED 25.00 ~I 10% SDS 0.25ml 
DDW 14.83 ml APS 120 ~I 
TEMED 25 ~I 
DDW 13.155ml 
was layered with running buffer inorder to avoid the disturbance ofthe sample. 
The electrodes were then connected to the power pack. A constant voltage of 
60 V was applied until tHe dye front crosses the stacking gel and the voltage 
was increased to 140 V and electrophoresis continued till the dye front reached 
the bottom of the gel. The entire run was carried out at 4°C. 
When the proteins were resolved, a trough of width 0.5 cm. was cut 
parallel to the separated bands at a distance of around 0.7 cm. The antiserum 
mixed with 1 M tris barbital buffer at a ratio of 1:4 was then loaded into the 
trough and allowed Tllincubate in a humid chamber at 35°C in a BOD incubator 
for 24 hours. After the incubation, the gel was stained with Coomassive 
Brilliant Blue (0.25%) for 2 hours to see the precipitation area. Then the gel 
was destained in the destainer to remove the excess sta in ( Table 3 and 4 ). 
3.8.2 Standardisation of 50S-PAGE 
Standardisation of gel concentration was carried out after running 
different gel concentration. There was good resolution at 12.5% gels and this 
was selected (Table 1 anct 2). The concentration of protein samples to be 
loaded on the gel was also standardised to get an ideal resolution . 
3.8.2.1 Casting of gel 
The basic methodology adopted for preparation of gel was similar 
to PAGE as described earlier. 
3.8.2.2 Vitellin and vitellogenin isolation from PAGE 
The basic methodology adopted was described by Longyant 
et a/., (1999) with slight modifications. The vitellin and the vitellogenin are 
coloured proteins . The authenticity Of coral red coloration to identify these 
proteins bands were confirmed by immunoelectrophoresis. To confirm the 
number of subunits of vitellin and vitellogenin , these glycolipoprotein bands 
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Table 3: Sample buffer for electrophoresis 
PAGE SDS PAGE / 
-
Glycerol 2.00 ml Glycerol 2.00ml 
0.5% bromophenol blue 1.00 ml p - mercaptoethanol 1.00 ml 
Stacking gel buffer 7.00ml Stacking gel buffer 1.80 ml 
0.5% bromophenol blue 6.00ml 
10% SDS 1.00 ml 
• 
W 
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Table 4: Stain and destainer for electrophoresis 
STAIN DESTAINER 
Comassive Brilliant Blue 1.00 9 Methanol 
Methanol 250 ml Acetic acid 
Acetic acid 35ml DDW 
DDW 215 ml 
75ml 
35ml 
390 ml 
~~~ lrl"QI'~ .,.,,,. __ 
Gsntral Ma rin . " il> li'f ~ 
~ _ nR, I " _ ... • rr.~ Inslitub 
, . . • I 
1r.h,. - ~R2 0 1. . 
from PAGE ( at 7% gel strength as described before) were cut off and 
honiogenized in distilled water. Five such vitellin bands were homogenized 
with 1.2 ml of double distilled water while 600 fli of double distilled water was 
used to homogenize 5 bands of vitellogenin . The homogenate was kept in 
the freezer overnight to crystallize. After thawing . the proteins that come out of 
the gel by crystallization was separated by centrifugation at 4°C for 15 minutes 
at 10,000 rpm. 
3.S.2.3 Preparation of sample and molecular weight markers for 
loading 
The sample supernatent containing vitellin and vitellogenin were 
mixed with equal volumes of loading buffer and was heated for 5 minutes in a 
water bath at 100°C. Then it was allowed to cool. In the same way 10 fli of the 
\ 
medium molecular weight marker proteins were mixed with 50 fli of the loading 
buffer. Then it was heated in a water bath for 1 minute at 100°C. This was also 
allowed to cool. 
3.S.2.4 Sample application and electrophoresis 
SO fli vitellogenin and 120 fli vitellin samples and 60 ~d of molecular 
weight markers were applied into the wells of the stacking gel and layered 
with running buffer. A constant voltage of 60V was applied until the dye front 
crossed the stacking gel and it was increased to 140V and electrophoresis 
was continued till the dye front reached the bottom of the gel. 
3.8 .2.5 Staining the gels 
Immediately after the completion of electrophoresis the gels were 
separated from the plates and stained in Comassive Brilliant Blue for 2 hours 
and then destained ( Table~. 
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3.8.2.6 Determination of molecular weights 
Molecular weights of standard SOS-PAGE molecular we ight 
markers used were 97.4 KOa, 68 KOa, 43 KOa, 29 KOa, 20 KOa and 14.3 
KOa. Relative frequency (Rf ) values of the standard markers were calculated 
by using the following formula . 
Rf = Solute front I Dye front 
Using the Rfvalues calculated for standard markers, a graph was 
drawn between Rf and log 10 of the molecular weights of the standard proteins 
on a semi - log graph . The Rf values of samples were ca lculated and 
extrapolated on the standard graph to determine the molecular weight. 
3.9 Immunodiffusion precipitation 
Immunodiffusion precipitation was carried out following ( the 
method of Chang et al .. (1996) with modification to find out the site of FSP 
( vitellogenin ) synthesis . Immunodiffusion test was carried out using 1.5% 
agarose in a glass slide. To the centre well 20 fll of antiserum was loaded. 
Surround ing wells were loaded with 20 fl l of ovarian extract ( 0.3 mg/ml ), 
hepatopancreas extract (0.4 mg/ml) , ad ipose tissue extract ( 0.45 mg/ml ). 
and haemolymph serum of the secondary vitellogenic lobster. All the extracts 
were obtained by centrifuging the homogenate at 10,000 rpm for 15 minutes 
at 4°C. Similarly a control was also set up in another slide with the control 
rabbit se rum at the centre well and the haemolymph, ovary extract , 
hepatopancreas and ad ipose tissue extract in the su rround ing wells. The 
plates were incubated for 48 hours in a humid chamber in the refrigerator. 
Then they were checked for the white precipitin arcs. 
3.10 Determination of moult stages 
Classification of moult stages was carried out following the method 
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of Radhakrishnan ( 1989 ). The morphological changes such as the softening 
of the branchiostegite area, decalcified line along the branchiostegite and 
colour of the haemolymph were used in classifying the moult stages: premoult, 
postmoult any intermoult externally. For accurate classification tip of the pleopod 
was excised and examined under microscope at a magnification of 1 OOx and 
400x. 
Radhakrishnan and Vijayakumaran ( 1984a and 1984c ) 
emphasised the need for information on accurate moult history of lobsters used 
for the physiological experiments. Lobsters spend nearly 50% of their total 
intermoult period in intermoult C stage during which the exoskeleton will be 
hard. Hence it is unable to classify whether the lobster is in the early intermoult 
or late intermoult from external examination . The induction of maturity by 
eyestalk ablation and by other methods will induce different types of 
physiological responses depending upon whether the animal is in early 
intermoult stage or late intermoult stage. Inorder to avoid such discrepancies 
the experimental animals which are to be in the early intermoult stage were 
allowed to moult so that all animals are under identical moult stage. 
3.11 Selection of V2 female lobsters 
Unlike the shrimps, the exoskeleton of lobsters except the ventral 
side of the abdomen are opaque. Hence it is impossible to examine the 
ovarian maturity stages through the exoskeleton. Colour of the haemolymph 
( Byard and Aiken, 1984-) and the. prevailing moult stages were taken as 
the criteria to determine the ovarian maturity stages of females . The 
haemolymph of secondary vitellogenic females in the early intermoult stage 
were coral red in colour. 
3.12 Ganglionic extract injection experiments 
Supraoesophageal ganglion and thoracic ganglia from the bilaterally 
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eyes talk ablated secondary vitellogenic lobsters were excised after 10 - 15 
days. They were washed in saline and stored in the freezer for a few days. 
The ganglionic masses were homogenized separately in saline and centrifuged 
at 12,000 rpm for 5 minutes ( Joseph, 1996). The supernatent was collected 
and stored in a freezer. Males and females were maintained in the ratio of 
1: 1. Experimental duration was 28 days. Each experimental female in the 
early intermoult stage ( V2 ovarian stage) was injected with 0.9 ml of the 
crude extract in the ascending order of 100 Ill , 300 III and 500 III respectively 
on alternate days. Injections were given through the connecting membrane 
between coxa of the 5th pereiopod. Simultaneously a control was set up and 
they received an injection of normal saline on alternate days. The lobsters were 
fed with frozen mussel meat daily. 
On the 29th day the lobsters were sacrificed , Gonado Somatic 
Indices were calculated and the ovary was fixed for histological examination. 
The data ( GSI ) obtained were subjected to students t-test for statistical analysis 
( Snedcor and Cohoran, 1967 ). 
3.13 Biogenic amine treatments 
3.13.1 5-hydroxytryptamine treatment 
5-hydroxytryptamine creatinine complex was used for the 
experiment. The lobsters obtained from the wild were maintained in the tanks 
for mOUlting. One week after moulting when the lobsters are in the early 
intermoult stage in which the ovary is in stage 2 were transferred to the 
experimental tanks . The female and males were maintained in the ratio of 
3: 1. The injections were given in four doses on the 1st, 6th, 8th and 10th days 
at a concentration of 1 M, 1 M, 2M and 2M. Normal sal ine was used as the 
carrier medium. Each dose was dissolved in 250 III of sal ine. The experiment 
lasted for 23 days. On the 24th day, the lobsters were sacrificed. The Gonado 
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Somatic Indices were calculated and the ovary was fixed for histological 
examination. The data ( GSI ) obtained were subjected to students t-test for 
statistical analysis ( Snedcor and Cohoran , 1967 ). 
Simultaneously control was set up and they received injections of 
carrier medium on the 1st. 6th , 8th and 10th days respectively. 
3. 13.2 3- hydroxytyramine ( Dopamine) treatment 
3-hydroxytyramine HCI complex was used for this experiment. 
The female lobsters in the early intermoult stage were bilaterally eyestalk 
ablated to induce maturation. The males and females were maintained in the 
ratio of 3: 1. They were fed daily with frozen mussels. On the 3rd day of 
bilateral eyestalk ablation, the first dose of injection was given. Two more 
doses were given on the 5th and 7th day of ablation . Each dose contained 
1.5 M Dopamine and it was dissolved in 25 ~I of normal saline. The experiment 
was run for 9 days. On the 10th day the lobsters were sacrificed . The 
ovaries were dissected out to find out the GSI and for histological analysis. 
Simultaneously a control was also set up. These were bilaterally 
eyestalk ablated and were injected with 25 ~d of crustacean sal ine on the 3rd , 
5th and 7th day of bilateral eyestalk ablation . 
3.14 Eyestalk ablation experiments in the early and late intermoult 
stages 
Eyestalk ablation of females was done by a ligature made with 
a loop of nylon thread around the base of the eyestalk and pulling the thread 
tight. Females and males were maintained in the ratio of 2:1. The experiment 
was conducted for a period of 25 days. They were fed daily with the mussel 
meat. 
Bilateral eyestalk ablation is known to result in precocious moulting 
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and gonadal development in spiny lobsters (Radhakrishnan, 1989 ). The ovarian 
response to eyestalk ablation will depend upon the moult stage at which 
ablation is carried out. In order to study the effect of eyestalk ablation on 
reproductive physiology in relation to the moult cycle experiments were 
conducted in spiny lobster P. homarus in two moult stages, i) the early 
intermoult stage ii) in the late intermoult stage. 
For the eyestalk ablation studies at the early intermoult stage, the 
lobsters obtained from the wild and they were maintained in the FRP tanks 
till they moulted. They were then transferred to the experimental tanks. The 
lobsters were bilaterally eyestalk ablated one week after moulting when they 
are in the early intermoult !';tage. For the eyestalk ablation studies in the late 
intermoult stage, the tip of pleopod of the experimer.tal lobsters were 
excised andexamined under a microscope at a magnification of 100x and 
400x. The lobsters which are in the late intermoult stage were then bilaterally 
eyestalk ablated. 
The responses of the bilaterally eyestalk ablated lobsters were 
statistically analysed using x2test ( Snedcor and Cohoran, 1967 ). 
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RESULTS 
RESULTS 
4.1 Ovarian anatomy · 
The ovary of the spiny lobster P. homarus is an H. shaped paired 
cylindrical lobe of tissue located beneath the heart dorsolaterel to the 
alimentary canal joined just anterior of the heart by a transverse lobe 
( Fig.1 ). The anterior lobes are shorter than the posterior lobes. Slightly 
behind the anterior bridge oviduct from each lobe descends to the genital 
pore at the base of the third pereiopod. The right lobe of the ovary is always 
longer than the left lobe and the anterior lobes are shorter than the posterior 
ones. The posterior limb of mature ovary reaches upto the second abdominal 
segment. The ovarian wall consists of three layers, a superficial or outer 
epithelium, middle connective tissue and an inner most germinal epithelium 
( Plate 1 a ). The germinal epithelium forms inward folds running throughout 
the ovarian length from which the oocytes differentiate and grow. The 
undifferentiated part of the ovary forms the germinative zone. The oogonium 
primarily located in the germinative zone, surrounded by the mesodermal 
cells undergo mitotic division and give rise to the secondary oogonial cells 
which inturn leave the germinative zone and differentiate into the primary 
vitellogenic oocytes. In P. homarus germinal zone is present in the centre of 
the ovary and the larger oocytes move towards the periphery as the ovary 
undergo maturation ( Plate 1 b ). 
The ova are enveloped by a flat layer of cells known as follicle 
cells ( Plate 2a and 2b ). They have a prominent nucleus, mitochondria , 
ribosomes and a network of rough endoplasmic reticulum (RER). The 
compartment between the follicle cell layer and adjacent oocyte constitute 
perivitelline space ( Plate 2a ). Follicle cells are difficult to see histologically 
until a certain developmental stage. 
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Figure 1. 
AL 
l>--uD ' 
I----PL 
Ovary of P. homarus. 
AL - Anterior lobe, PL - Posterior lobe and 00 - Oviduct 
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Plate:1 
la: Structure of the ovarian wall: OE: outer epithelium, 
CON: connective tissue, GF: Germinal epithelial folds. Magnification SOX 
1 b: Arrangement of oocytes in the ovary: Fe Follicle cell. Magnification SOX. 
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Plate :2 
• • 
.. 
. ..~ ) 
t . .. 
~ . . ~~'l ' 
- ..... . 
z .: • . , 
2a: Electron micrograph of follicle cell ( Fc ) and adjacent oocyte: LG : Lipid globule, 
N: Nucleus, PV: Perivitelline space. Magnification 12000X. 
2b: Oocytes at various stages of development. so: secondary oogonial cells, 
CN: chromatin nucleolus stage,CY: cisternal stage,PL: platelet stage, 
PN: peri nucleolus stage.Magnification SOX. 
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4.2 Classification of oocytes during the process of oogenesis 
During the process of oogenesis, the oocytes undergo series of 
morphological changes. Based on the changes that occur in the cytoplasm 
and the nucleus the oocytes are classified into secondary oogonial cells , 
primary vitellogenic oocytes, secondary early vitellogenic oocytes, secondary 
late vitellogenic oocytes and mature oocytes. 
4.2.1 Secondary oogonial cells 
The germinal cells undergo mitotic division and they give rise to 
the secondary oogonial cells . They have a conspicuous nucleus stained 
with haematoxylene and eosine and a thin rim of cytoplasm. The cytoplasm 
is basophilic. Oogonial cells have a diameter of 0.035 ± 0.002mm. The 
oocytes are round in shape with nucleus forming around 70% of the oocyte 
( Plate 2b ). The cytoplasm is granular. Under ultrastructural examination it 
was found that perinucleoplasm is devoid of any cell organelles . Rest of the 
cytoplasm is granular and filamentous ( Plate 3a) . Nucleus contains around 
10-15 nucleolii. 
4.2.2 Primary vitellogenic oocytes 
Primary vitellogenic oocytes have a diameter of 0.069±0.01 2 mm. 
Compared to the previous stage the cell size has considerably increased by 
the cytoplasmic volume. Primary vitellogenic oocytes are formed by the 
meiotic division of the secondary oogonial cells. Two phases of development 
are noticed in the primary viteliogenic oocytes. They are the chromatin 
nucleolus stage and the perinucleolus stage ( Plate 2b ). The chromatin 
nucleolus stage has · a round to oval shape. The nucleus is prominent with 
10-15 nucleoli i. The oocytes are not surrounded by ind ividual follicle cells. In 
the peri nucleolus stage displacement of nucleolus towards the periphery is 
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Plate:) 
3a: Electron micrograph of 
secondary oogonial cells. 
GC: Granular cytoplasm, N: Nucleus. 
Magnification 8000X. 
3b: Electron micrograph of primary vitellogenic oocytes. 
GB:Golgi body ,LG: Lipid globule 
NM:Nuclear Membrane,N: Nucleus, R: Ribosomes. Magnification 20000X. 
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seen. At this stage follicle cells start surrounding the oocyte . But the oocytes 
are not completely covered . Primary oocytes have basophilic cytoplasm. 
The primary vitellogenic phase is characterised by the endogenous 
vitellogenesis. Preparation for the endogenous vitellogenesis can be noticed 
by the appearance of several cell organelles in the cytoplasm. At this phase 
nucleus is surrounded with a clear nuclear membrane which is double layered 
( Plate 3b ). The cytoplasm has inclusions such as lipid globules, yolk bodies, 
endoplasmic reticulum bound vesicles and yolk bodies filling the lipid 
globules. The clumping or coalescing of smaller yolk bodies into larger 
ones in the lipid vacuoles are seen. At this time the RER encircling the various 
yolk bod ies unwind itself and join together and they start encircling the lipid 
vacuoles ( Plate 4a). These RER may have a role in the further processing 
of yolk. Different cell organelles are found in abundance due to the active 
endogenous vitellogenesis. Smooth endoplasmic reticulum forming a 
lamallae, ribosomes , rough endoplasmic reticulum etc. are present in the 
cytoplasm (Plate 4a). Though follicle cells are seen near the oocytes, 
they are completely separated from the oocytes by the oolemma which show 
little evidence of pinocytic activity at the oolemma fo llicle ce ll interface. The 
oolemma is very narrow. The cytoplasm of the follicle cells conta in the lipid 
globules surrounded by the ER, circular RER with granular matrix and free 
ribosomes (Plate 2a). 
4.2.3 Secondary viteliogenic oocytes 
Th is phase is characterised with the considerable growth of 
cytoplasm. Th is is due to the active accumUlation of yolk materials . 
Secondary vitellogenic oocytes are classified into early vite llogenic oocytes 
and late vitellogenic oocytes based on the cell organelles and cytoplasmic 
inclusions. 
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Plate:4 
4a: Electron micrograph of primary vitellogenic oocytes. 
EY: Endoplasmic reticulum, LG: Lipid globule 
RER: Rough endoplasmic reticulum, R: Ribosomes, 
SER: Smooth endoplasmic reticulum f1 YBY: Yolk body .Magnification 15000X . 
• 
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4b: Electron micrograph of cisternal phase of early vitellogenic oocytes. 
EB: Endoplasmic reticulum bound vesicles, ER: Endoplasmic reticulum, 
GIJI;Granular matrix, GB: Golgi body, M: Mitochondria & R: Ribosomes. 
Magnification 6000X. 
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4.2.3.1 Early secondary vitelJogenic oocytes 
Early secondary vitellogenic oocytes are further classified into a 
cisternal phase and a platelet phase based on the cytoplasm ic 
characteristics . 
4.2.3.1.1 Cisternal phase 
The cytoplasm is of granular nature. The follicle cells encircles 
the oocytes ( Plate 2b). The cytoplasm is slightly acidophilic . 
Ultrastructurally the oocytes contain numerous active cell organelles. The 
perivitelline space is enlarged . The early cisternal stage is characterised 
by the progressive development of network of endoplasmic reticulum . 
Cytoplasm contains other cellular organelles such as ribosomes , golgi 
bod ies, mitochondria, endoplasmic reticulum. The endoplasmic reticulum 
contains a dense granular matrix (Plate 4b ). 
4.2.3.1.2 Platelet phase 
Platelet phase is characterised by the presence of lipid vacuoles 
or platelets in the cytoplasm. The nucleus is located centrally (Plate 5a) 
but turned pale and the number of nucleolii are also reduced. One striking 
feature in this phase is that as the oocytes advance in development the 
platelets in the periphery will start aggregating in groups to form larger 
vacuoles. These vacuoles gets filled up by acid ophilic granular material. 
Th is is more pronounced in the peripheral regions of the cytoplasm. The 
cytoplasm is slightly basophil ic (Plate 5a ). 
The perivitelline space is more enlarged at this phase ( Plate 6a). 
Since this stage is the transition stage from early vitellogenic to late 
vitellogenic phase the characteristics of both the phases are seen . Cell 
organelles and inclusion bod ies are seen in abundance. Cisternal vesicles , 
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Plate: 5 
5a: Advanced platelet phase of secondary viteUogenic oocytes. 
V: Lipid vacuoles with granules. Magnification 50X. 
5b: Electron micrograph of platelet 
phase oocytes. DY: Developing Yolk body, 
GB: Golgi body, LV: Lipid vacuoles ft 
R: Ribosomes.Magnification 6OOOX. 
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membrane bound vesicles, smooth vesicles, lipid vacuoles and developing 
yolk bodies are also present. RER network, free and attached ribosomes 
are found in plenty. Presence of numerous golgi bodies show that they are 
very active in this phase with the processing or the packing of the granular 
vesicles produced by the ER. Intracisternal granular formation is observed 
in the Golgi bodies. Pinocytic vesicles are seen pinching off from the 
oolemma. Coalescing of these vesicles and smaller yolk bodies into larger 
yolk bodies are observed. Numerous lipid vacuoles are also present in the 
cytoplasm. These activities in the oocytes show that there is extraoocytic 
yolk synthesis ( Plate 5b and 5a) in P. homarus. 
4.2.4 Secondary late vitellogenic oocytes 
Active deposition of yolk material takes place in the secondary 
late vitellogenic oocytes. These oocytes are characterised by cortical crypt 
or cortical body formation in the periphery. Nucleus starts its migration 
towards the periphery. Cortical bodies do not have any specificity to the 
stain. The oocytes have a diameter of O.327±O.031 mm. The oocytes loses 
its round shape at this phase. The cytoplasm is acidophilic (Plate 5b ). 
Ultrastructural examination shows more enlargement of 
perivitelline space ( Plate 7a ). The perivitelline space is engorged with an 
electron dense material which is similar to that found in the follicle cell. Follicle 
cell has been stretched very much around the oocyte. The pinocytic pits 
contain an homogenous electron dense material similar in appearance to 
that in the perivitell ine space. These pinocytic vesicles fuse to form a larger 
and denser structure that resembles a multi vesicular body. The fusion of 
small vesicles with the larger bodies effects an increase in the size of these 
multivesicular bodies ( Plate 7b ). Numerous such multivesicular bodies could 
be noticed in the cytoplasm which are formed by the fusion of coated pits , 
yolk bod ies and lip id globules. Cell organelles are not very prominent in the 
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Plate:6 
6a: Electron micrograph of platelet phase 
oocytes. CV: Cistemal vesicles, 
MB:Membrane bound vesicles, 
PNV: Pinocytic vesicles ft 
PV: Perivitelline space. 
Magnification 15000X 
6b: Late vitettogenic oocytes. CB: Cortical body, LV,li: Late vitellogenic oocytes, 
N: Nucleus. Magnification SOX. 
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Plate:7 
7 a: Electron micrograph of late 
vitellogenic oocytes. Fe: Follicle cell, 
PP: Pinocytic pit, PV: Perivitelline space 
ft MVB: Multi vesicular body. 
Magnification 12000X. 
7b: Electron micrograph of late 
vitellogenic oocytes. LV: Lipid vacuoles 
& MVB: Multi vesicular body. 
Magnification 12000X. 
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late vitellogenic oocytes except for ribosomes and RER but that too is not 
abundant. The low occurrence of cell organelles show that the process of 
secondary v it~lIogenesis is coming to an end . 
4.2.5 Mature oocytes 
Once the vitellogenesis is completed the cytop lasm is 
characterised by the accumulated yolk. Mature oocytes are almost similar to 
the late vitellogenic oocytes except for the nucleus which have moved 
towards the extreme periphery and almost lost its appearance (Plate 8 ). 
Distinct cortical body is not apparent. Almost the entire cytoplasm is packed 
with numerous cortical bodies of varying size. Cortical bodies do not have 
any affinity towards Haematoxylene and Eosine stains. The cytoplasm is 
acidophiliC. Ultrastructurally the granule filled RER, multivesicular bodies 
and other cell organelles found in the previous stages are rarely met in the 
cytoplasm. Since vitellogenesis is the main focus further intracellular events 
associated in the mature oocytes are not stud ied in detail. 
4.3 Ovarian developmental stages 
Depending upon the morphological characteristics, such as colour, 
texture , GSI, etc. the ovary has been classified into five stages ( Plate 9). 
4.3.1 Stage VI ( Immature) 
At this stage ovary is flattened, slender, strap like and transluscent. 
The overall colour is pale white with granular appearance ( Plate 9). GSI 
comes around 0.315 ± 0.08. Ovary contain secondary oogonial cells and 
undifferentiated oogonia (Table 5 and Fig . 5 ). 
4.3.2 Stage V2 ( Primary vitellogenic ) 
Ovary at this stage is cream in colour and slightly swollen. A 
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Plate: 8 
8: Mature oocytes. CB: Cortical body & MO: Mature oocytes.Magnification SOX 
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size gradient oocytes ( Plate 9 ) of the ovary is noticed at this stage with the 
secondary oogonial cells (45.5%) at the centre with larger primary 
vitellogen ic oocytes ( 54.5% ) radiating towards the periphery (Fig. 2 ). 
Undifferentiated gonia is also present. GSI at this stage is 0.898±0.165 
Fig. 5 and Table 5 ). One characteristic feature ofV2 stage is that the posterior 
limb of the right lobe of the ovary bends backward beneath the same lobe. 
Th is condition is hardly noticed in other stages. 
4.3.3 Stage V3 (Secondary vitellogenic) 
This stage is characterised by the bright coral red colouration due 
to the active formation and deposition of the glycolipoprotein, lipovitellin. Ovary 
is swollen throughout the length and it starts filling the cephalothorax. The 
percentage composition of secondary oogonial cells ( 16.6% ) and the primary 
vitellogenic ( 19% ) oocytes are less. The early and late secondary vitellogenic 
oocytes together represent around 65% of the total oocytes ( Fig . 3 ). They 
have a GSI of 1.65 ± 0.74 (Table 5 ). 
4.3.4 Stage V. ( Mature) 
Ovary is highly swollen and bunched up fill ing all the available 
space in the cephalothorax. The colour of the ovary is deep coral red (Plate 
9). Maximum GSI of 4.9 ± 1 is found at th is stage ( Figure 5 and Table 5 ). 
Mature oocytes contribute around 50% of the oocytes. Secondary oogonial 
cells contribute 9%, primary vitellogenic oocytes contribute 15% and the rest 
is contributed by the secondary vitellogenic oocytes ( Fig. 4 ). 
4.3.5 Stage V. ( Spent) 
Ovary is flaccid with a light coral red colou ration. Residual ova are 
retained in the ovary lobes and oviduct (Plate 9 ). The ova are resorbed 
and the follicle cells are seen surrounded by the resorbing ova. The ovarian 
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Table 5: Characteristics of ovarian developmental stages 
Ovarian Colour of the Nature of GSI ±SD 
Stages Ovary the Ovary 
Stage V, white strap like O.32±O.O8 
Stage V, cream flat but slightly swollen O.90±O.17 
Stage V, bright coral red swollen 1.65±O.74 
Stage V, deep coral red swollen, fills the cephalothorax 4 .90±1 .00 
Stage V, light coral red flaccid O.65±O.10 
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Figure 3 : Percentage composition of oocytes at V3 stage 
a, - Secondary oogonial cells 
c,' Early secondary vllellogenlc oocytes 
e, - Mature oocytes 
b, • Primary vitello genic oocytes 
d, • Late secondary vltellogenlc oocytes 
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e, • Mature oocytes 
b, 
d, Late secondary viteliogenlc oocyte. 
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wall is thick and contracted. Mature, early and late vitellogenic oocytes will 
be in the resorbing condition . But previtellogenic oocytes and primary 
vitellogenic oocytes are present. They have a GSI of 0.65 ± 0.1 ( Fig. 5 and 
Table 5). 
4.4 Neuroendocrine system 
The central nervous system of P. homarus follows the general 
arthropod pattern which consists of a ganglionated nerve cord extending 
from the cephalic region to the end of the abdomen ( Fig . 6) . The thoracic 
region has a suboesophageal ganglion and five pairs of thoracic ganglia 
and the abdominal region has six pairs of abdominal ganglia. The nerve 
cord remains ventral to the alimentary canal. In the cephalic region the two 
component cords of the chain separate from one another and after encircling 
the oesophagus ( circum oesophageal connective) reaches the 
supraoesophageal ganglia ( brain) dorsally. From the brain a pair of short 
nerves arises towards the eyestalk and form the optic gangl ia. In the 
circumoesophageal connective a pair oftritocerebral ganglia are found . In 
the post oesophageal commissure a pair of post commissural organs are 
located. Scattered in the different ganglia there are neurons modified to 
perform secretory function . These are the neurosecretory cells ( NSCs ) which 
synthesize and secrete the neurosecretory hormones and neuroregulators. 
These neurosecretory products stain purple with paraldehyde fuchsin sta in 
( Plate 10a ) and blue with Mallory's triple stain ( Plate 10 b). 
The NSCs are characterized by the presence of large nucleus, 
abundant cytoplasm, conspicuous granules, vacuoles etc. in their perikarya. 
All NSCs are unipolar and nondendritic. But they differ significantly in their 
size , shape, etc. ( Plate 10a and 10b ). Based on these characteristics the 
neurosecretory cells are classified into different cell types . Separate 
classification has been given to NSCs in each gang lia. These include the 
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Figure 6. 
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The central nervous system of P. homarus 
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Plate:10 
10a: Neurosecretory cells stained with Paraldehyde fuchsin 
stain. Magnification 50X. 
10b: Neurosecretory cells stained with Mallory's 
stain . Magnification 50X. 
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optic ganglia, the supraoesophageal ganglion and the thoracic ganglia 
and these are supposed to be the synthetic site of neurohormones which 
control reproduction. The neurosecretory neurons ar~ supported by the 
glial cells . They are characterized by the presence of a large nucleus and 
a thin rim of cytoplasm ( Plate 15a). Cytoplasm contains cell organelles and 
inclusions. They are seen very close to the NSCs. 
4.4.1 Optic ganglia 
The P. homarus optic ganglia consist of four well defined ganglia 
viz. the medulla terminalis ( MT), the medulla interna ( MI) medulla externa 
( ME ) and the lamina ganglionaris ( LG) (Plate 11 ). The ganglia are 
arranged in a consecutive manner behind the ommatidia . The first ganglia 
or the medulla terminalis tapers to form the optic nerve tract which passes to 
the brain . A neurohaemal organ known as the sinus gland (SG) which 
form the storage site of the neuro secretory products is located on the 
dorsolateral side of the optic ganglia beneath the cuticle and between the 
medulla interna and medulla externa and at some points SG extends upto 
the medulla terminalis ( Plate 12a). In the right eye stalk the sinus gland is 
found on the right dorsolateral side and in the left eyestalk SG is located on 
the left dorsolateral side. SG could be noticed with the naked eye as a 
very small bluish white opalescent body. SG has an internal blood sinus 
and an external blood sinus with different axon terminals containing the 
neurosecretory products. Th is is a flattened ell iptical structure and it is 
limited by a basal membrane. The bulk of the SG is formed by the axon 
termina ls. 
The neurosecretory cells are distributed only in three ganglia; MT, MI 
and ME and they are distributed at different planes or three dimensionally . 
Maximum number of neurosecretory cells are found in MT. Though the 
neurosecretory cells are distributed as different aggregates or clusters, there 
6 4 
Plate: 11 
• 
Basic structure of the optic lobe. MT: Medulla terminall s, 
MI: Medulla interna, ME: Medulla Externa & 
LG: Lamina ganglionaris. Magnification O"o.x 
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Plate: 12 
12a: Sinus gland. EBS: External blood sinus, IBS: Internal blood 
Sinus, SG: Sinus gland, ME: Medulla externa, MI :Medulla Interna. 
Magnification SOX. 
12b: a· NSC in the optic ganglia . magnification 50X. 
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is a continuity in their distribution. The neurosecretory cells distributed in 
the MT is termed as MT X-organ while those in the MI and ME are termed as 
MI X-organ and ME X-organ. The different NSCs distributed in the optic 
ganglia are classified into six types . They are type a', type b', type c' , type 
d', type e' and type f' . The distribution of NSCs in the optic ganglia is shown 
in the Figs. 7 - 9. NSCs are absent in lamina ganglionaris. Smaller cell 
types are found in abundance when compared to the larger ones ( Fig . 10 ). 
The characteristics of different cell types are described below. 
4.4.1 .1 Morphology of the neurosecretory cells in the optic ganglia 
4.4.1.1.1 Type a' NSCs 
These are the largest NSCs in the optic ganglia. They are very 
few in number ( Fig. 10). Type a' NSCs have an oval shape. The nucleus is 
found shifted more towards one end and nucleolii are observed to be 
dispersed in the karyoplasm with numbers ranging from eight to eleven. This 
NSC type have abundant cytoplasm. The nucleus - cytoplasmic ratio is very 
low. Diameter of the cell type is 45.24 ± 5.5 ~m (Table 6) . Ultrastructurally 
the cytop lasm contain vacuoles , moderately electron dense vesicles and 
electron dense granules (Plates 12b and 13a). 
4.4.1 .1.2 Type b' NSCs 
These are the second largest cel l type among the NSCs. Type b' 
cell type is found in a very limited number (Fig . 10 ). They have a discoid 
shape and a centrally placed oval nucleus. The nucleus - cytoplasmic ratio 
is higher than type a' NSCs. Around 12-15 nucleolii are present in the 
nucleus. This cell type has a diameter of 30.48 ± 2.43 ).1m ( Table 6 ). The 
cytop lasm contains endoplasmic reticulum, golgi complex, ribosomes, 
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Plate: 13 
Ba: Electron micrograph of a' NSC. N: Nucleus, RER: Rough 
endoplasmic reticulum, V: Vacuole. Magnification 6000X, 
13b: b' NSC in the optic ganglia. Magnification SOX. 
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membrane bound moderately electron dense and electron luscent vesicles , 
membrane bound vacuoles etc. (Plate 13b and 14a ). 
4.4.1.1.3 Type c' NSCs 
These are the third largest neurosecretory cell type and they 
constitute around 0.2% of the total NSC types (Fig. 10). They have a round 
to oval shape with a centrally placed nucleus ( Plate 14b). The nucleus -
cytoplasmic ratio is high. Nucleolar material is seen scattered in the 
karyoplasm (Plate 15a). The cytoplasm contains golgi complex, membrane 
bound vesicles, electron dense granules, ribosomes etc. Glial cells are 
seen close to it. These are distributed mainly in the MT - XO. Type c' NSCs 
have a dimension of 23.41 ± 1.68 I'm ( Fig. 10 and Table 6 ). 
4.4.1.1.4 Type d' NSCs 
These are the third smallest cell type and constitute around 5% 
of the total cell types ( Fig. 10 ). They are pyriform shaped and have a round 
nucleus . Around 8 to 9 nucleolii are seen in the nucleus. Nucleus -
cytoplasmic ratio is very high. Cytoplasm is filled with electron dense 
granules, electron dense vesicles and vacuoles. They have a diameter of 
21.21 ± 3 I'm (Table 6). The cells are mainly distributed in MT and ME. 
(Plate 14b and 15b). 
4.4.1 .1.5 Type e' NSCs 
This cell type is found in abundance and constitute around 45% 
of the total cell types in the optic ganglia (Fig. 10). They are having an oval 
shape with an oval nucleus. The nucleus cytoplasmic ratio is higher. Nuclear 
material is scattered in the karyoplasm. Cytoplasm contain electron dense 
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Plate:14 
14a: Electron micrograph of b' 
NSC.GB: Golgi body, MV: 
Membrane bound vesicles, 
N: Nucleus, 
RER: RoughEndoplasmic 
reticulum 8: V: Vacuole. 
Magnification 8000X. 
14b: c'&d' NSC's of optic ganglia. Magnification 200X. 
70 
Plate: 15 
15a: Electron micrograph of c' 
NSC. GB: Golgi body, GC: Glial 
cell , N: Nucleus, MV:Membrane 
bound vesicle & R:Ribosomes. 
Magnification 6000X. 
15b: Electron micrograph of d' NSC. ED: Electron dense vesicles, 
N:Nucleus & V: Vacuole. Magnification 8000X. 
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granules and vacuoles. Ribosomes are also present. Type e' NSCs are 
distributed in all the three ganglia ( Plate 16a and 16b ) . This cell type has 
a diameter of 10.82 ± 1.9 ~m (Table 6). 
4.4.1.1 .6 Type f' NsCs 
These are the smallest neurosecretory cell type with a very thin 
rim of cytoplasm around a large centrally placed nucleus. They are elliptical 
in shape. They constitute around 48% of the NSC types (Fig. 10). Nucleus 
contain 8 to 10 nucleolii. The nucleus - cytoplasmic ratio is very high. The 
cyto'plasm contains electron dense granules, moderately electron dense 
vesicles and membrane bound vacuoles (Plate 16a and 17 ). This NSC 
type is distributed in all the three ganglia. They have a diameter of 6.63 ± 
0.5 flm ( Table 6 ). 
4.4.2 Supra oesophageal ganglion 
The supraoesophageal ganglion is present in the dorsal side and 
it consists of three lobes, viz. the protocerebrum, the deuterocerebrum and 
the tritocerebrum. The neurosecretory cells are distributed in these three 
lobes. Around 5500 NSCs are found in the supraoesophageal ganglion 
( Figure 11 and 12). Based on the size and shape, NSCs are classified 
into eight types . They are type a", type b" , type c" , type d", type e" , type f", 
type g" and type h" NSCs. Type e" and type h" NSCs are usually found in 
clusters while others are found scattered. The type g" NSCs are concentrated 
more on the tritocerebrum while others are seen throughout the ganglia. 
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Plate: 16 
16a: e'&f NSC's of optic ganglia. Magnification 200X. 
16b: Electron micrograph of 
e' NSC. ev: Electron dense 
vesicles, ely: Electron luscent 
vesicles,N: Nucleus & 
V: Vacuoles. 
Magnification 12000X. 
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Plate:17 
17: Electron micrograph of f' NSC. 
EV: Electron dense vesicles, MEV: Moderately 
electron dense vesicles,N: Nucleus & V:Vacuoles. 
Magnification 12000X. 
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Table 6: Description of neurosecretory cell types in the optic ganglia 
Cell diameter Nucleus Shape of Nucleus -
Cell type ( flm :!: sd ) diameter the cell cytoplasmic 
( flm :!: sd ) ratio 
a' 45.24:!: 5.30 10.35 + 0.00 Oval 0.20 + 0.26 
b' 30.48 :!: 2.43 10.80 + 1.28 Discoid 0.34 + 0.37 
-
c' 23.41 :!:1 .68 9.06 + 0.70 Round 2.60 + 0.36 
d' 21 .21 :!: 3.11 9.2 + 1.20 Pyriform 0.42 + 0.44 
-
e' 10.82 :!: 1.90 7.38 :!: 1.60 Round 0.65 + 0.70 
f' 6.63 + 0.50 5.36 :!: 0.35 Ell iptical 0.80 + 0.81 
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Figure 8. 
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Figure 9. Distribution of neurosecretory cells in the optic ganglia -
ventral view 
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Figure 10: Percentage frequency of neurosecretory cell types 
in the optic ganglia 
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4.4.2.1 Morphology of the Neurosecretory cell types in the 
supraoesophageal ganglion 
4.4.2.1.1 Type a" NSC 
These are the largest NSCs in the supraoesophageal ganglion 
but its occurrence is very limited. This type comprises around 0.2% of the 
total cell types ( Fig . 13 ). These are oval in shape with a round nucleus. 
Around 10 to 12 nucleolii are present in the nucleus. The nucleus - cyto-
plasmic ratio is very less. These are not encountered in the ventral part of 
the supraoesophageal ganglion. The cell types have a diameter of 102 ± 
4.85 ~m ( Table 7 ). Cytoplasm contains golgi complex, RER network, 
ribosomes, electron deJIse vesicles, electron luscent vesicles etc. ( Plate 
18a and 18b). 
4.4.2.1.2 Type b" NSCs 
This cell type is the second largest NSCs in the supraoesophageal 
ganglion. They constitute around 0.4% of the total cell types ( Fig. 13). They 
have an oval shape with a nucleus at the centre. Eight to ten nucleolii are 
seen in the nucleus. The nucleus - cytoplasmic ratio is less. These are found 
more on the protocerebrum and deuterocerebum. The cell type is having a 
diameter of 53 ± 6.18 ~m ( Table 7). Cytoplasm contains electron dense 
granules, electron dense and electron luscent vesicles and cell organelles 
like golgi complex, RER, ribosomes etc. (Plate 18a and 19a ). 
4.4.2.1.3 Type C" NSCs 
This cell type is the third largest and its occurrence is very limited. They 
constitute around 0.2% of the total cell types ( Fig. 13 ). They have an oval 
shape with a fairly large oval nucleus at the centre . The nucleus contain 
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Plate:18 
18a:a" & b" NSC's of supraoesophageal ganglion. 
Magnification 100X. 
18b: Electron micrograph of a" 
NSC. elv: electron luscent 
vesicles, edv: electron dense 
vesicles , GB: Golgi body, 
N: Nucleus & RER: Rough 
endoplasmic reticulum . 
Magnification 6000X. 
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Plate:19 
19a: Electron micrograph of 
b" NSC. elv: electron luscent 
vesicles, edv: electron dense 
vesicles, N: Nucleus & 
R: Ribosomes. 
Magnification 6000X. 
19b: c", d",e",f',g" &e" NSC's of supraoesophageal ganglion. 
Magnification 100X. 
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12 - 14 nucleolii. The nucleus - cytoplasmic ratio is higher. The distribution 
of c" cells are limited at the protocerebrum and deuterocerebrum. The c" 
NSC type have a diameter of 42.28 ± 8.69 I'm ( Table 7 ). The cytoplasm is 
filled with numerous electron dense secretory vesicles of varying size. Electron 
dense granules, ' golgi complex, RER, ribosomes, mitochondria etc. are 
present in the cytoplasm ( Plates 19b and 20a ) 
4.4.2.1.4 Type d" NSCs 
These are smaller round cell types with a round nucleus at the 
centre . Around 7 to 9 nucleolii are seen in the cytoplasm. The d" NSCs are 
distributed more in the protocerebrum and deuterocerebrum. These cells 
are usually found in small groups and constitute around 1.7% of the total cell 
types ( Fig . 13 ). Membrane bound vesicles are seen in the cytoplasm 
along with golg; complex, endoplasmic reticulum, ribosomes and electron 
dense granules ( Plate 19b and 20b ). The d" cells have a diameter of 
23.48 ± 4.59 I'm ( Table 7 ). 
4.4.2.1 .5 Type e" NSCs 
Type e" cells are also round cells with a large round nucleus 
at the centre. Nucleolar material is seen scattered in the karyoplasm. 
Perinucleoplasm is clear. The nucleus cytoplasmic ratio is very high. Type 
e" cells are found in abundance and they constitute around 23.5% of the 
total cell types and are found in groups ( Fig . 13 ). The cytoplasm is vesicular 
with numerous electron dense vesicles and electron luscent vesicles. 
Electron dense granules are also present in the cytoplasm ( Plate 19b 
and 21a ). The cell type is having an average diameter of 15 ± 9.2 I'm 
( Table 7). 
4.4.2.1.6 Type f" NSCs 
The type f" NSCs have a pyriform shape. A round nucleus is seen 
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Plate:20 
20a: Electron micrograph 
of c" NSC.elv: electron 
luscent vesicles, edv: 
electron dense vesicles, 
GB: Golgi body,M: 
Mitochondria, N: Nucleus & 
GC: Glial cell. 
Magnification 8000X. 
20b: Electron micrograph of 
d" NSC. ER: endoprasmic 
reticulum, GB: Golgi body, 
MBV: Membrane bound 
vesicles & N: Nucleus. 
Magnification 20000X. 
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Plate:21 
21 a: Electron micrograph of e" NSC. EBV: Endoplasmic 
reticulum bound vesicles, edv: electron dense vesicles, 
elv: electron luscent vesicles, N: Nucleus &. RER: 
Rough endoplasmic reticulum. Magnification 15000X. 
21b: Electron micrograph of f ' NSC. N: Nucleus &. R: 
Ribosomes. Magnification 25000X. 85 
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at the centre . The nucleus consist of 12-14 nucleolii. The nucleus -
cytoplasmic ratio is higher. These are of limited occurrence ( Fig. 13 ). They 
are distributed among other cell types in the protocerebrum and 
deuterocerebum. The cytoplasm is of granular nature with electron dense 
granules. Electron luscent vesicles are also found ( Plate 19b and 21b ). 
This cell type has a diameter of 13.37 ± 1.3 ~m ( Table 6 ). 
4.4.2.1.7 Type g" NSCs 
The g" cell type is the most abundantly occurring cells (Fig. 13). They 
have a round shape and at the centre of the cell a large round nucleus 
is present. The nucleus - cytoplasmic ratio is very high. The nucleolii are 
dispersed in the karyoplasm. They constitute around 72.05% of the total 
cell types and are found throughout the supraoesophageal ganglion. They 
are mainly concentrated in the tritocerebrum in groups. Cytoplasm is granular 
with electron dense granules. Electron luscent vesicles , golgi body, 
endoplasmic reticulum and ribosomes are found in the cytoplasm ( Plates 
19b and 22a ). They have a diameter of 10.09 ± 0.1 ~m ( Table 6 ). 
4.4.2.1.8 Type h" NSC 
Type h" cells are the smallest cell type. They have an hexagonal 
shape with a very thin rim of cytoplasm around the hexagonal shaped nucleus. 
The nucleus contains seven to eight nucleolii. The nucleus - cytoplasmic 
ratio is very hi9h ( Table 6 ). Type h" cells constitute around 0.21 % of the 
total cell types ( Fig. 13). Cytoplasm contains electron dense granules and 
moderately electron dense vesicles. They have a diameter of 8.6 ± o. 7 ~m 
( Plates 19b and 22b). 
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Plate:22 
22a: Electron micrograph of g" 
NSC.elv: electron luscent 
vesicles, ER:Endoplasmic 
reticulum, GB: Golgi body, 
N: Nucleus ft R: Ribosomes . 
Magnification 17000X. 
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22b: Electron micrograph of 
f' NSC. ELV: Moderately 
electron dense vesicles, 
LV: Electron luscent 
vesicles ft N:Nucleus. 
Magnification 17000X. 
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Table 7: Description of neurosecretory cell types in the 
supraoesophageal ganglion 
Cell type Cell diameter Nucleus Shape of Nucleus -
( 11m .:t sd ) diameter the cell cytoplasmic 
( 11m .:t sd ) ratio 
a" 102.00.±. 4 .85 22 .76 + 4.38 Oval 0 .18 - 0.25 
b" 53 .00 .±. 6.18 14.98 + 2.75 Round 0.26 - 0.30 
c" 42 .28 .±. 4.59 12.14 + 1.82 Oval 0.27 - 0.30 
d" 23.48.±. 4 .59 11 .33 + 1.44 Round 0.45 - 0.52 
e" 15.00.±. 0.91 8 .80 .±. 0.22 Round 0.53 - 0.64 
f" 13.37.±. 1.30 7.74 + 1.15 Pyriform 0.54 - 0.60 
g" 1 0.09 .±. 0.10 6.68 + 0.45 Round 0.61 - 0.70 
h" 8.60.±. 0.70 2.075.±. 0.04 Hexagonal 0.22 - 0.25 
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Figure 11. Distribution of neurosecretory cells in the 
supraoesophageal ganglion - dorsal view 
o ... a", e .. btl , o-c", .-d", ~ - e", 
... - f", ~ - g" 
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Figure 12. Distribution of neurosecretory cells in the 
supraoesophageal ganglion· ventral view 
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4.4.3 Thoracic ganglia 
The thoracic ganglia of lobster is dorsoventrally flattened and 
consist of five pairs of ganglia fused into a large ganglionic mass. There 
is a perforation between the third and fourth pairs of thoracic ganglia for the 
passage of the sternal artery (Fig. 6). There are eight neurosecretory cell 
types distributed in the thoracic ganglia. They are type a''' , b"' , c"', d''' , e"' , 
f" ', g'" and h''' . Compared to the optic ganglia of the eyestalk and 
supraoesophageal ganglion the number of neurosecretory cells in the thoracic 
ganglia are very less ( Fig . 14). Around 500 neurosecretory cells are 
observed in the five pairs thoracic ganglia. But the size of the NSCs in the 
thoracic ganglia are much greater than those in the other ganglia. Unlike in 
other ganglia the percentage contribution of larger NSCs are also higher in 
thoracic ganglia (Fig . 15 ). 
4.4.3.1 Morphology of the neurosecretory cell types in the thoracic 
ganglia 
4.4.3.1.1 Type a'" NSCs 
These are the largest cell type with an oval shape and an oval 
nucleus at the centre. Though this cell type is found in all the ganglia this is 
mostly located in the fourth and fifth pairs of ganglia. They contribute around 
4.2% of the total cell types ( Fig. 15 ). Nucleus - cytoplasmic ratio is very 
less. The cytoplasm is filled with numerous vesicles of varying size, shape 
and electron density. Mitochondria, ribosomes and golgi complex are also 
present in the cytoplasm ( Plates 23a and 23b). The cells have a diameter 
of 133.67 ± 11 .57 !1m ( Table 8 ). 
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Plate:23 
23a: a'" 6: d'" NSC's of thoracic ganglia. 
Magnification 200X. 
23b: Electron micrograph of 
a .. , NSC. EB: Endoplasmic 
reticulum bound vesicles, GB: 
Golgi body, M: Mitochondria , 
N: Nucleus 6: R: Ribosomes. 
Magnification 10000X. 
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4.4.3.1.2 Type b'" NSCs 
This is the second largest neurosecretory cell type. They have an 
oval shape. The nucleus is centrally located and has a round shape. 
Nucleolus is located at the centre of the nucleus. Nucleolemma is double 
layered. The nucleus cytoplasnic ratio is less ( Plate 23a and 24 b ). Type 
b'" NSC type is found in all the ganglia. They contribute 7.2% of the total 
cell types ( Fig. 14). Ultrastructurally numerous electron dense granules 
are seen. The cells are having a diameter of 102.841:. 3.28 Ilm (Table 8). 
4.4.3.1.3 Type c'" NSCs 
These are the third largest neurosecretory cell type. Type c'" is 
having an oval shape with a centrally placed nucleus. Nucleus is also ova l 
shaped. The nucleus contains seven to eight nucleolii. Nucleus cyloplasmic 
ratio is less. These cells are seen in all the ganglia. They constitute around 
9. 29% of the total cell types ( Fig. 15). Ultrastructurally the cytoplasm 
contains. RER, golgi body and vesicles of varying electron density, size and 
shape ( Plate 24a and 25a ). They have a diameter of 87 .1 4 1:. 5.6 Ilm 
( Table 8 ). 
4.4.3.1.4 Type d'" NSCs 
These are medium sized neurosecretory cell types with a round 
shape. Nucleus is round shaped and nuclear material is seen dispersed in 
the karyoplasm. Nucleus - cytoplasmic ratio is high. Type d'" cells are 
distributed in all the five pairs of ganglia and they constitute around 8.8% of 
the total cell types ( Fig. 15 ). Ultrastructurally the cytoplasm contain network 
of endoplasmic reticulum, ribosomes etc and vesicles of varying electron 
density, size and shape (Plates 23a and 25 b ). The cells have a diameter of 
43.08 1:. 3.5 Ilm ( Table 8 ). 
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Plate: 24 
24a: b'" & c'. NSC of toorac'c ganglia. Magnification 200X. 
24b: Electron micrograph of b'· NSC. 
EB: Endoplasm'c reticulum, 
GB: Golgi body, N: Nucleus & 
R: Ribosomes. Magnification 12000X. 
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Plate: 25 
25a: Electron micrograph of c" NSC. 
EB: Endoplasmic reticulum bound 
vesicles, ER: Endoplasmic reticulum, 
GB: Golgi body, N: Nucleus & 
R: Ribosomes. Magnification 10000X. 
25b: Electron micrograph of d'· NSC. 
ER: Endoplasmic reticulum , GB: 
Golgi body, VS: Vesicles & N: 
Nucleus. Magnification 12000X. 
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4.4.3.1.5. Type e'" NSCs 
These cells are oval shaped and possess centrally located round 
nucleus. Around eight to ten nucleolii are seen in the karyoplasm. The nucleus 
- cytoplasmic ratio is higher. This cell type is distributed in all the ganglia 
and constitute 7.8% of the total cell types (Fig. 15). Ultrastructurally, the 
cytoplasm contains various cell organelles. They are the rough endoplasmic 
reticulum, lamellae of smooth endoplasmic reticulum, ribosomes etc. 
Cy~oplasmic inclusions like vesicles of varying electron density, vacuoles 
etc. are seen in the cytoplasm ( Plates 26a and 26b). The cell types have a 
diameter of 29.46 ± 1.92 11m (Table 8 ). 
4.4.3.1.6 Type f'" NSCs 
These are round shaped neurosecretory cell type with a round 
nucleus. Nucleolar material is seen dispersed in the karyoplasm. The nucleus 
- cytoplasmic ratio is high. This is an abundant cell type and distributed in all 
the thoracic ganglia and they constitute around 12% of the total cell types 
( Fig. 15 ). Ultrastructurally the cytoplasm contains network of endoplasmic 
reticulum connecting the glial cell cytoplasm, golgi body, mitochondria, 
ribosomes etc. Numerous membrane bound vesicles are seen near the 
endoplasmic reticulum ( Plates 26b and 27a ). They have a diameter of 
18.6 ± 1.6 flm (Table 8). 
4.4.3.1.7 Type g'" NSCs 
These are oval shaped neurosecretory cell type with an oval shaped 
nucleus. Nucleolar material is seen dispersed in the karyoplasm. Nucleus -
cytoplasmic ratio is very high ( Table 8). This is the most abundant 
neurosecretory cell type . They contribute 33.5% of the total cell types 
( Fig . 15 ). The cytoplasm contain RER, ribosomes, mitochondria , vesicles 
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Plate:26 
26a: e"', f' ,g'" & h" NSC of the thoracic ganglia. Magnification 100X. 
26b: Electron micrograph of e'" 
NSC. ER: Endoplasmic reticulum, 
EB : Endoplasmic reticulum 
bound vesicles, R: Ribosomes, 
RER: Rough Endoplasmic reticulum, 
GB: Golgi body, SER: Smooth ER, 
N: Nucleus. Magnification 12000X. 
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Pllte:27 
27a: Electron mk:rograph of f " NSC. 
ER: Endoplasmic reticulum, EB: 
ER bound vesicles , GC: Glial cells, 
GB: Golgi body, M: Mitochondria & 
N: Nucleus. Magnification 10000X. 
27b: Electron micrograph of g'" NSC. ER: 
Endoplasmic reticulum, EB: ER bound 
vesicles, N: Nucleus & R: Ribosomes. 
Magnification 10000X. 
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of various size, shape and electron density. They have a diameter of 
14.6 ~ 2.1 Ilm (Plates 26b and 27b). 
4.4.3.1.8 Type h'" NSCs 
This is the smallest among the cell types. They have an hexagonal 
shape with a round nucleus at the centre. Nucleus contain eight to ten 
nucleoli i. The h'" NSC type is present in all the five pairs of ganglia and 
constitute around 16% of the total cell types ( Fig . 15 ). The nucleus -
cytoplasmic ratio is very high ( Table 8 ). The cytoplasm is filled with 
an electron dense material. The SER, ribosomes , mitochondria, golgi 
complex and vesicles are seen in the perikarya. The cells have a diameter of 
8.617 ~ 0.82 Ilm ( Plates 26b and 28 ). 
The ultrastructural details of the neurosecretory cell types may 
vary according to its secretory status. 
4.4.4 Secretory cycle of NSCs 
Cyclic changes are observed in the perikarya of neurosecretory 
cells in relation to the synthesis of neurosecretory material. The secretory 
changes in the different neurosecretory cell types follow a basic pattern and 
this is being divided into four phases based on the appearance of cytoplasmic 
cell organelles, inclusions like vesicles , granules and vacuolization . The 
different phases are the synthetic phase, vacuolar phase, secretory phase 
and the quiscent phase. 
4.4.4.1 Synthetic phase 
Synthetic phase of the neurosecretory cells are characterised by 
the stained granular heterogenous cytoplasm ( Plate 29a and 29b). Nuclear 
membrane show perforations through which the nuclear material oozes 
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Plate: 28 
28: Electron micrograph of h'· NSC. EB: ER bound vestles 
GB: Golgi body, M: Mitochondria & N: Nucleus, 
fv1agnification 12000X. 
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Table 8: Description of neurosecretory cell types in the thoracic ganglia 
Cell type Cell diameter Nucleus Shape of Nucleus -
(!1m ± sd ) diameter the cell c.Ytoplasmic 
(!1m ± sd ) ratio 
am 133.67! 11 .57 6 .39 ! 0.54 Oval 0.05 
b'" 1 02 .84 ! 3.28 23 .33 + 2.47 Oval 0.20 - 0.24 
C" 87.14 ! 5.60 7.28 + 1.15 Oval 0.08 -0.09 
d" 43.08 ! 3.50 14.95 + 1.50 Round 0.34 - 0 .35 
em 29.46 ! 1.92 12.22 + 1.60 Oval 0.38 -0.44 
f"' 18.6 + 1.60 9.06 + 1.50 Round 0.44 - 0 .52 
g'll 14.64 ! 2.10 8.05 + 1.00 Oval 0.54 - 0 .56 
h'" 8.617 ! 0.82 6 .39 + 0.54 Hexagonal 0.73 - 0.75 
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Figure 14. Distribution of neurosecretory cells in the five pairs of 
thoracic ganglia 
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Plate:29 
29a: Synthetic Phase of NSC. Syp: Synthetic Phase. Magnification 100X. 
29b: Electron micrograph of NSC in the Synthetic Phase. ER: Endoplasmic reticulum , 
EB: ER bound vesicles, GB: Golgi body, N: Nucleus & Sp : Secretory product 
Magnification 10000X. 
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bound vesicles are seen originating from the endoplasmic reticulum. They 
move to the golg i complex which encircles and fabricate them into 
membran~ limiting dense units. Such packed neurosecretory products are 
seen pinching off from the end of the golg i complex. Other cell organelles 
like ribosomes, mitochondria etc. are also present in the cytoplasm. The 
observations show that the endoplasmic reticulum along with the ribosomes 
are engaged in the synthesis of the raw material for the neurosecretory 
products and which inturn is being processed by the golgi complex. 
4.4.4.2 Vacuolar phase 
This phase is characterised by numerous vacuoles and vesicles 
of varying size and shape. The cytoplasm has taken the stain and it is 
heterogenous. Individual vacuoles tending to merge to form larger vacuoles 
around the nucleus are also observed in the cytoplasm. This phase is actually 
the late synthetic phase. The vesicles, which are produced by the golgi 
complex clump together and starts filling the vacuoles . During this time the 
membranes of different vesicles will unbind and join together to form a larger 
one. These membranes may have a role in the modification of the vesicle 
content after it has passed from the golg i complex 
( Plate 30a and 30b ). In the cytoplasm golgi complex is seen in abundance 
while other cell organelles are very few. Once these processes are over the 
NSCs will be in the next phase. 
4.4.4.3 Secretory phase 
The NSCs will be intensely stained during th is phase 
( Plates 31a and 31b ). Numerous vesicles filled with the neurosecretory 
material are found abundantly in the cytoplasm. Neurosecretory material is 
seen flowing through the axon. Neurosecretory products are being processed 
even at the time of its axonal transport by the adjustment in the quality and 
quantity of material within the vesicle and this can be detected by the changes 
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Plate: 30 
30a: Vacuolar phase of NSC. V: Vacuoles . Magnification SOX. 
30b: Electron micrograph of NSC 
in the Vacuolar phase. EBV: ER bound 
vesicles, GB: Golgi body, 
M: Mitochondria, 
N: Nucleus & R: Ribosomes. 
Magnification 10000X. 
107 
Plate: 31 
31a:Secretory & quiscent phase of NSC's . Magnification 200X. 
31 b: Electron micrograph of NSC 
in the secretory phase showing the 
axonal flow NS products. Ax: Axon, EDV: 
Electron dense vesicles ft SP: Secretory 
products. Magnification 3000X. 
108 
that occur in size and electron density of the vesicles. The products are 
released through the axonal endings (Plate 32a). The diffusion of the 
neurosecretory products can also occur through the cell body (Plate 31 b) . 
At this stage various cell organelles are very few in number or almost absent. 
The perikarya of the neurosecretory cells are frothy when they actively 
secrete the neurosecretory products. 
4.4.4.4 Quiscent phase 
This is the inactive or the rest phase of the NSCs when the 
synthesis of neurosecretory material is not visible. The cytoplasm is very 
lightly stained and homogenous (Plate 31a and 32b). The cytoplasm is 
seen shrunken at this stage. The cell organelles like the mitochondria, golgi 
body, ribosomes, endoplasmic reticulum and other cytoplasmic inclusion are 
very scanty. 
4.4.5 Secretory status of NSCs at various developmental stages 
of ovary 
The secretory status of various neurosecretory cell types in the 
optic ganglia , supraoesophageal ganglia and thoracic ganglia at different 
stages of ovarian development have been studied. 
4.4.5.1 Optic ganglia 
At V, stage the NSC type b' and type d' cells are in the synthetic 
phase and type c' and type e' are in the quiscent phase. The a' NSCs and f' 
cells are in the secretory phase and in the synthetic phase respectively 
t Table 9). At V2 stage except a', all the other cell types are in the secretory 
phase.Type a' cells are in the vacuolar phase. At V3 stage when the active 
vitellogenesis takes place type a' , c', and d' cells are in the secretory 
phase and the rest are in quiscent phase. In the V. stage, a' and b' cell 
10 9 
Pllte:32 
32a: Electron micrograph of the al«lnal ending of a NSC in the 
secretory phase. AE: Al«lnal ending. Magnif'cation 8000X. 
32b: Electron micrograph of NSC in the Q . phase. R: Ribosomes & 
N: Nucleus. Magnificatbn 25000X. 11 0 
types are in the secretory phase, type c' , d' and e' NSCs are in the 
synthetic phase. In the spent condition all the cells are in the secretory phase. 
The eyestalk has been proved to be the site of production of GIH whose 
titre is high in the haemolymph during thellrimary vitellogenic stage and 
low in the secondary vitellogenic stage. From the results obtained it is 
reasonable to believe that the site of production of GIH may be anyone of 
the b', e' or f' cell types for these are in the secretory phase at V2 stage, in 
the quiscent phase at V3 stage and in the synthetic/ vacuolar phases in the 
early stages. Other NSCs may be the site of synthesis of hormones other 
than GIH. 
4.4.5.2 Supraoesophageal ganglion 
In the V1 stage, four types of NSCs are in the secretory phase 
( Table 10 ). They are a", c", e" and g" . The NSCs in the vacuolar phase 
include only the type b" NSCs. Type f" and g" are in the synthetic and 
quiscent phase respectively. In V2 stage, three cell types type e", type g" 
and type h" are in the secretory phase; type b", d" and type f" are in the 
vacuolar phase and type a" and type c" are in the quiscent phase. At V3 
stage, all the cell types are in the secretory phase except type a" and c". 
Type a" is in the synthetic phase while type c" is in the quiscent phase. At V. 
stage also most of the cells are in the secretory phase ( b", c", f", g" and h"). 
Other three cell types are in the quiscent phase. They are type a", d" and e". 
In the spent condition (Vs) most of the cell types are in the quiscent phase. 
This include type a", d" , e", f" and h". Type b" and c" are in the secretory 
phase while g" is in the synthetic phase. From the results obtained from the 
earlier studies it is assumed that the supraoesophageal ganglion along 
with the thoracic ganglia are the site of production of Gonad Stimulating 
Hormone ( GSH ). At V3 stage when ovary is in the secondary vitellogenic 
stage those cells engaged in the production of GSH should be in the 
secretory phase and at V. and Vs stages these NSCs should be in the 
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Table 9: Secretory status of NSC types in the optic ganglia during 
various stages of ovarian development 
Sy - Synthetic V - Vacuolar S - Secretory Q - Quiscent 
Cell type V, V2 V3 V. Vs 
a' S V S S S 
b' Sy S 0 S S 
c' 0 S S Sy S 
d' Sy S S Sy S 
e' 0 S 0 Sy S 
f' S S 0 S S 
112 
quiscent phase. Only type d" NSC follow such a pattern and this may be the 
production site of GSH in the supraoesophageal ganglion. 
4.4.5.3 Thoracic ganglia 
At V, stage, the NSC types are found in all the phases of secretory 
cycle except the quiscent phase (Table 11 ). Five cell types are found in 
the vacuolar phase. They are a"' , b"', d"', f'" and h"' . Type e'" is in the 
quiscent phase while c'" and g'" are in the secretory phase and synthetic 
phase respectively. At V2 stage, b"', f'" and g'" NSCs are in the vacuolar 
phase, a'" and d'" in the synthetic phase and the rest are in the secretory 
phase (c"', e'" and h'''). At V3 stage all of the NSCs except d'" and h'" are in 
the synthetic phase. Type a"', b'" and fm NSCs are in the quiscent phase in 
the V, stage. But c"', d'" and e'" are in the secretory phase while the rest 
( g'" and h'" ) are in the vacuolar phase. V5 stage is represented by all the 
four stages. Only type a'" is in the secretory phase. Type b"' , e'" and f'" are 
in the quiscent phase. Two of the NSC types ( c'" and f'" ) are in the vacuolar 
phase while d'" and h'" are in the synthetic phase. As previously mentioned 
earlier thoracic ganglia is also supposed to be the site of production of GSH. 
The secretory status of the various NSCs during ovarian developmental 
stages show that b'" or f'" NSCs could be the site of production of GSH as 
these cells are actively secreting at V3 stage and quiscent in the latter stages 
of ovarian development. These cells are in the synthetic and vacuolar phase 
in the early stages ( V, and V2 ) of ovarian development. 
4.5 Characterisation of vitellogenin and vitellin 
Immunoelectrophoresis of the separated proteins of haemolymph 
and the separated ovarian proteins of the vitellogenic lobsters were carried 
out. After the incubation arc formation was found in the 3rd and 4th fractions 
of separated proteins of the haemolymph and ovary respectively ( Plates 
33a and 33b ). The arc formation by the viteliogenin band confirms that the 
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Table 10:Secretory status of various NSC types in the 
supraoesophageal ganglion at various stages of ovarian 
development (V. - Vs) 
Sy • Synthetic V· Vacuolar S· Secretory Q • Quiscent 
Cell type V. V2 V3 V. Vs 
a" S Q Sy Q Q 
b" V V S S S 
C" S Q Q S S 
d" V V S Q Q 
e" S S S Q Q 
f" Sy V S S Q 
g" S S S S Sy 
h" Sy S S S Q 
114 
Table 11 : Secretory status of NSC types in the thoracic ganglion at 
various stages of ovarian development (Vi - Vs) 
Sy - Synthetic V - Vacuolar S - Secretory Q - Quiscent 
Cell type Vi Vz V3 V. Vs 
a'" V Sy S Q S 
bIt' V V S Q Q 
e'" S S S S V 
d"' V Sy Sy S Sy 
e'" Q S S S Q 
f'" V V S Q V 
g'" Sy V S V Q 
h If' V S Sy V Sy 
115 
Plate: 33 
33a: Immunoelectrophoresis of the 
haemolymph of the vitellogenic lobster. 
3rd fraction shows arc formation. 
A: Arc, AS: Anti serum ft Vg: Vitellogenin. 
33b: Immunoelectrophoresis of the 
ovary of the vitellogenic lobster. 
4 th fraction shows arc formation. 
A: Arc, AS: Anti serum & Vt: Vitellin . 
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vitellin fraction in the ovary and the vitellogenin fraction in the haemolymph 
are immunologically identical. The vitellogenin and vitellin bands could be 
identified even before staining dueto their coral red colouration owing to their 
carotenoid content. SOS-PAGE of these fractions were carried out and the 
results revealed that vitellogenin consists of 4 polypeptide units of molecular 
weights 158 KOa, 100 KOa, 95 KOa and 63 KOa ( Plate 34a ) and the 
vitell in fraction consist of 5 subunits having the molecular weights of 158 
KOa, 74 KOa, 15 KOa, 14 KOa and 8 KOa (Plate 34b ). 
4.6 Site of vitellogenin synthesis 
The immunodiffusion test was conducted with the antiserum of 
lipovitellin of the ovary showed cross reactivity with the ovary, haemolymph, 
hepato pancreas and adipose tissue of the vitellogenic female. All the tissues 
showed cross reactivity by forming the precipitin arcs (Plate 35a) indicating 
the presence of Female Specific Protein in these tissues. Precipitin arcs 
also show that the Female Specific Protein or the vitellogenin in the 
aforementioned tissues and the lipovitellin in the ovary are immunologically 
identical. But with the control sera of rabbit of the aforementioned tissues 
do not show any cross reactivity (Plate 35b ). The arc formation with the 
haemolymph shows that the haemolymph may be the site of synthesis of 
vitellogen in or the medium of transportation of vitellogenin from the source 
of synthesis to the ovary. The precipitin arc formation with the hepatopancreas 
and ad ipose tissue pointto the factthat these tissues could presumably be the 
site of synthesis of the vitellogenin . Results show that there is extraoocytic 
synthesis of yolk protein in the spiny lobster P. homarus. 
The hepatopancreas, haemolymph and the ad ipose tissue show 
difference in colouration at the time of vitellogenesis and prior to it. The 
hepatopancreas wh ich is normally brownish yellow show a combination of 
light brown colour with a coral red colouration at the time of vitellogenesis 
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Plate:34 
.. 34a: Polypeptide subunits of 
19 KIll vitellogenin (50S-PAGE). 
L 1: Molecular weight markers & 
L2: Vitellogenin subunits. 
34b: Polypeptide subunits of 
vitellin (50S-PAGE). 
L 1: Molecular weight markers & 
L2: Vitellin subunits. 
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Plate:35 
35a: Immunodiffusion test. 1: Antiserum, 2: Haemolymph, 
3: Adipose tissue, 4£15: Hepatopancreas, 6: Control £1 7: Ovary. 
35b: Immunodiffusion test,control. 1: Control antiserum, 2: Haemolymph, 
3: Adipose tissue, 4: Hepatopancreas £1 5: Ovary. 
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(Plate 36a). During vitellogenesis the adipose tissue also has a light 
coral red colour ( Plate 36 b ). When the lobsters are at the early intermoult 
stage with the immature ovary the haemolymph is usually colourless or slightly 
bluish due to the haemocyanin content. But at stage V2 (in the early 
intermoult stage) when the secondary vitellogenesis starts the colour turns 
to coral red. The intensity of the colour is maximum at the end of stage V3• 
Thereafter the colour decreases and at the end of stage V, and prior to 
oviposition the haemolymph will be almost colourless . These colour changes 
show high correlations with the ovary development ( Plate 37 ). 
Ultrastructural studies show that the oocytes have cell organelles 
in the cytoplasm during the primary and secondary vitellogenesis . The 
secondary vitellogenic oocytes have numerous micropinocytic vesicles in 
the perivitelline space. This suggest an extra and intra oocytic yolk synthesis 
( Plates 5 - 7 ) and adipose tissue and hepatopancreas could presumably be 
the sites of vitellogenin synthesis . 
4.7 Selection of lobsters with inactive ovaries at the early 
interllOult stages 
The haemolymph of the lobsters at the early intermoult stage 
undergoing vitellogenesis show a coral red colouration due to the active 
synthesis of vitellogenin at its extraoocytic sites . But the haemolymph of the 
lobsters having an avitellogenic ovary at the early intermoult stage is slightly 
bluish in colour. The haemolymph of the lobsters in the premoult have a 
brownish colouration. The colou r of the haemolymph give a good indication 
whether the lobsters are in the primary or secondary vitellogenic phase 
( Plate 37 ). 
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Plate:36 
36a: Hepatopancreas. HP1: Primary vitellogenic lobster & 
HP2:Secondary vitellogenic lobster. 
36b: Adipose tissue. AT1 : Primary vitellogenic lobster & 
An: Secondary vitellogenic lobster. 
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Plate: 31 
38: Haemolymph . PM: Premoult lobster, SV: Secondary vitellogenic & 
PV: Primary vitellogenic lobster at the early inter moult stage. 
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4.8 Ganglionic extract treatment 
4.8.1 Supra oesophageal ganglion extract treatment 
The lobsters injected with the supra oesophageal extract show a 
greater percentage of vitellogenic oocytes ( 48% )than the control ( 15.85% ). 
The primary vitellogenic oocytes are also very less (10.3%) in the treatment 
groups than in the control group ( 17%) (Plate 38a and 38b). The control 
group had 67% of secondary oogonial cells while the treatment groups had 
only 42% (Fig. 16). The ganglia injected group have a higher GSI ( 0.325 ) 
than the control (0.223). The data (GSI ) obtained from the female lobsters 
treated with supraoesophageal ganglia extracts were subjected to students 
t-test for statistical analysis and the results obtained significant at P=0.05 
(Table 12). 
The increase in the percentage composition of secondary 
vitellogenic oocytes along with the higher GSI in the treatment group show 
that supraoesophageal ganglia secrete certain neurosecretory hormon~ 
which stimulate the process of vitellogenesis. 
4.8.2 Thoracic ganglia extract treatment 
The histological examination of the ovaries of the lobsters injected 
with the thoracic ganglia extract show a greater percentage of vitellogenic 
oocytes (75%) while the control have only 16% of vitellogenic oocytes 
( Fig . 17 ). The treatment groups have only 13.7% of secondary oogonial 
cells but the control have 67% of secondary oogonial cells (Plate 38a and 
38c). The primary vitellogenic oocytes also show a very low frequency of 
occurrence of 11 .2% than the control ( 17.04% ). Thoracic ganglia injected 
groups also have a slightly higher ( 0.234 ) GSI than the control ( 0.216% ). 
The data ( GSI ) obtained from the lobsters treated with thoracic ganglia 
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Plate:38 
3Qa: Oocytes. Supraoesophageal ft thoracic ganglionic 
extract control group: UG: Undifferentiated oogonia ft 
50: Secondary early vitettogenic oocytes. Magnification SOX. 
39b: Oocytes: supraoesophageal extract treated 
group. 50: Secondary early vitellogenic oocytes. Magnification 100X. 
3Qc: Oocytes: Thoracic extract treated 
group. So: Secondary early vitellogenic oocytes. Magnification 100X. 126 
extracts were also subjected to t-test for statistical analysis but the results 
obtained were not significant at P=0.05 (Table 12). 
The experimental results show that just like supraoesophageal 
ganglion the thoracic ganglia also secrete some neurosecretory hormone 
that stimulate the process of vitellogenesis. 
4.8.3 Biogenic amine treatment 
4.8.3.1 5- hydroxytryptamine treatment 
Histological examination of the ovaries of the lobsters injected 
with 5-HT show an increased percentage of vitellogenic oocytes than the 
control. In the 5-HT injected lobsters around 78% of the oocytes are in the 
vitellogenic phase but the control have only an average of 44%. The control 
have a maximum percentage of secondary oogonial cells of 41 .3%. But the 
experimental set have only 21 %. Previtellogenic oocytes in the 5 - HT injected 
lobsters are almost nil. (Plate 39) i.e., all the previtellogenic oocytes in the 
5 - HT treated group entered into the vitellogenic phase. The control had 
around 13% of the oocytes in the secondary oogonial stage. The percentage 
composition of the oocytes show an increase in the vitellogenic oocytes 
( Fig . 18). The GSI of the 5-HT treated lobsters showed a slightly higher 
GSI ( 0.274 ) than the control ( 0.260 ). The GSI obtained from the 5-HT 
injected lobsters were subjected t-test for statistical analysis and it was found 
to be statistically insignificant at P=0.05 (Table 12 ). 
The increase in the percentage composition of secondary 
vitellogenic oocytes along with the higher GSI of the 5-HT treated group 
reveal that 5-HT has got an acceleratory effect on vitellogenesis. 
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4.8.3.2 Dopamine treatment 
The ovaries of dopamine injected lobsters show a drastic 
variation from that of the control ( Plate 40 and 41 ). The ovaries of dopamine 
injected lobsters are slender in shape and off white or light pink in colour 
while that of the control is swollen and bright coral red. Dopamine injected 
lobsters have lower percentage of late secondary vitellogenic oocytes 
(20.39% ) than the control of 53.6%. The control group have an average of 
14.2% early secondary vitellogenic oocytes, 3.9% of primary vitellogenic 
oocytes and 28.4% of secondary oogonial cells while the dopamine treated 
lobsters have 11 .7% of early secondary vitellogenic oocytes, 7.8% of primary 
vitellogenic oocytes and 60% of . secondary oogonial cells (Fig . 19). 
The data ( GSI ) obtained from the dopamine treatment was 
subjected to t-test for statistical analysis and it was found to be statistically 
significant at P=0.05 (Table 12). 
The low percentage of occurrence of secondary vitellogenic 
oocytes, the lower GSI and absence of coral red colouration of ovary in the 
dopamine treated group undoubtedly prove a strong inhibitory action of 
dopamine on the process of vitellogenesis . 
4.9 B4lateral eyestalk ablation experiments 
Bilateral eyestalk ablation of the lobsters at the early intermoult 
and late intermoult stages have given different responses. 
In the bilaterally eyestalk ablated early intermoult lobsters, after 
five to six days of eyes talk ablation the colourless haemolymph of the early 
intermoult lobsters turn to coral red showing the commencement of secondary 
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Plate:40 
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Table 12: Effect of CNS extract ( SOG & TG ) and biogenic amines 
( 5-HT and Dopamine) treatment on ovarian development 
Treatment Extract I biogenic Control Student's t 
amines significance 
( P=O.05 ) 
A. SOG extract 
GSI 0.325 0.224 S 
N 6 6 
B. TG extract 
GSI 0.234 0.216 NS 
N 5 6 
C. 5-HT 
GSI 0.274 0.260 NS 
N 5 5 
D. Dopamine 
GSI 0.340 0.764 S 
N 6 6 
SOG: Supraoesphageal Ganglion, TG: Thoracic Ganglia , N: Number, 
S: Significant, NS: Non significant. 
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vitellogenesis. The intensity of the colour start increasing till the fifteenth day 
and after that it declined and became almost colourless . Absence of colour 
shows that vitellogenesis is over. Within nineteen to twenty five days, 80% 
of the experimental animals released eggs and they were oviposited in the 
pleopods. This reveals that bilateral eyestalk ablation resulted in the removal 
of the Gonad Inhibiting Hormone and which has led to the accelerated 
vitellogenesis and oviposition. The haemolymph of those lobsters which fail 
to extrude the eggs also had a coral red colouration after BESA and 
this shows that active vitellogenesis have taken place in the non oviposited 
lobsters also. None of the bilaterally eyestalk ablated lobsters moulted during 
the experimental period. There was 100% survival in this experiment. The 
results show that the bilateral eyestalk ablation in the early intermoult period 
accelerated more of vitellogenic process than the moulting process. 
In the case of bilateral eyestalk ablation of late intermoult lobsters, 
the colourless haemolymph developed a brownish coral red colour after a 
few days. The coral red colouration may be due to the vitellogenesis and the 
brownish colouration may be due to the resorption of minerals from the 
exoskeleton as a preparative step for moulting. The results reveal that both 
the processes are taking place simultaneously in the BESA lobsters. After 
15-25 days, 70% of the bilaterally eyestalk ablated late intermoult lobsters 
moulted. There was 30% mortality in the present experiment. 10% of the 
lobsters died at the time of moulting while another 10% died just before 
moulting and the rest died a few days before moulting . When the lobsters 
were dissected out it was found that those lobsters died after moulting and at 
the time of moulting and just before moulting were having the ovary in the 
resorbing condition . But the lobsters died a few days before moulting were 
having a developing ovary in the V3 stage ( Plate 42). None of the bilaterally 
eyestalk ablated lobsters underwent oviposition during the experiment. These 
observations show that bilateral eyestalk ablation in the late intermoult stages 
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will result in both accelerated vitellogenic and moulting processes. But the 
process of exuviation has dominated oviposition. The responses of the 
bilaterally eyestalk ablated lobsters were statistically analysed using x2 test 
and the results are found to be statistically significant at one degree of freedom 
( Fig. 20 ). 
Responses of early intermoult and late intermoult lobsters on 
bilateral eyestalk ablation reveal that the long intermoult period of lobsters 
could be classified into two phases; a reproductive phase in the early stage 
in which the lobsters are more prone to reproduction and a somatic phase in 
the late intermoult phase in which the physiological inclination is more towards 
moulting. 
1 38 
DISCUSSIOM 
DISCUSSION 
5.1 Ovarian anatomy and developmental stages 
The ovary of the spiny lobster P. homarus is an H-shaped paired 
cylindrical tissue. Slightly behind the anterior bridge oviduct descends to the 
genital pore at the base of the third pereiopod. The right lobe of the ovary is 
slightly longer than the left lobe. The posterior limb of the mature ovary 
reaches upto the second abdominal segment. The ovarian wall consists of 
three layers, an outer epithelium, middle connective tissue and an innermost 
germinal epithelium. 
The internal female reproductive system of lobsters, P. homarus 
( Berry , 1971 ), P. penicillatus (Juinio , 1987) , H. americanus 
( Aiken and Waddy, 1980 ), P. japonicus (Nakamura, 1990), Ibacus 
peronii and Ibacus sp. (Stewart et al. , 1997) consist of paired cylindrical 
lobes situated dorsal to the alimentary tract. They are joined by a transverse 
bridge approximately one third of their length from the anterior lobe and form 
an 'H' shape. A thin oviduct passes from each lobe just posterior to the 
transverse bridge leading to the genital apertures on the coxae of the third 
pair of pereiopods. The morpholog ical structure of the ovary of P. homarus 
in the present study almost conforms to the general pattern described in other 
species of lobsters and also in the same species distributed off the coast 
of Southern Africa ( Berry, 1971 ). Few differences were however, observed. 
In Jasus sp., the mature ovary extends only into the first abdominal segment 
( Fielder, 1964a ), but in H. americanus ( Aiken & Waddy, 1980 ) and 
P. japonicus ( Nakamura, 1990) it extends as far back the fourth and fifth 
abdominal segments respective ly. But in P. homarus in the present study it 
was noted that the mature ovary extends upto the second abdominal segment. 
In P. japonicus the left lobe was reported to be longer which is different from 
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the present study where the right lobe is longer. Berry ( 1971 ) has reported 
that the right posterior end of the ovarian lobe is folded ventrally at the level 
of posterior end of the heart. But in the present study this folded condition of 
the ovary is seen only in the V2 stage. 
The gross anatomy of the female reproductive system of 
P. homarus shows variations from the prawns though both the groups have 
a general decapod pattern of an H-shaped ovary as in P. setiferus (King, 
1948 ), P. vannamei (Yano et al., 1988), P. indicus ( Mohamed , 
1989 ), P. monodon (Joseph, 1996) and P. merguiensis (Zacharia, 2001 ). 
Unlike the P. homarus, penaeid shrimp ovary is partly fused and extends the 
entire length from the cardiac region to the telson. But in P. homarus the 
ovary is tubular with the right lobe extending upto the second abdominal 
segment. 
Histological studies show that the ovarian wall in the shrimp 
P. japonicus consists of two layers; an outer connective tissue and an inner 
germinal epithelium. However, an outer epithelial layer is absent. On the 
otherhand , the ovarian wall of P. penicillatus has been reported to consist 
of a thin epithelial outer layer, a thicker inner connective tissue and an 
innermost layer of epithelial cells (Juinio, 1987 ). The ovarian histology of 
the spiny lobster as observed in the present study has close similarity to 
that of P. penicillatus. 
The decapod ovary undergoes visible changes in size and colour 
as it undergoes maturation . Developmental stages in lobsters have been 
classified by different authors on the basis of ovary size, colour and oocyte 
size. Seven macroscopic stages have been identified for the spiny lobster J. 
la landii ( Fieldler, 1964 ), six for P. homarus (Berry, 1971), five or six for 
the Norway lobster N. nONegicus (Thomas 1964; Farmer, 1974b ); six for H. 
american us (Aiken and Waddy, 1980) and P. penicillatus (Juinio, 1987 ) 
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and five for I. peroniiand Ibacussp. (Stewartetal., 1997). Ovaries of both 
the spiny and clawed lobsters are creamy white when immature, but the 
similarities cease shortly after the primary vitellogenesis. In the spiny lobsters 
Jasus lalandii, P. penicillatus, I. pronii, Ibacus sp and in P. homarus, the 
immature white ovary gradually changes to light orange or light coral red , 
then to a darker orange or coral red and finally to brick red or deep coral red 
at maturity. In the present study the change in colour of the ovary from white 
to deep coral red was observed. In clawed lobsters, H. americanus and N. 
norvegicus, the white changes to yellow, beige or gold before shifting to light 
green during primary vitellogenesis , and finally to a deep, dark green colour 
at maturity. In homarids, the colour of the ovary resembles that of shrimps. 
The green pigment is due to the presence of a carotenoprotein in which the 
carotenoid, astaxanthin is noncovalently bound to the protein ( Goodwin, 
1951 ). When the protein in this complex is denatured, astaxanthin is liberated 
and the colour changes from green to red and this pigment is absent in other 
species. In P. homarus the yolk protein is also carotenolipoprotein . The coral 
red colour of the P. homarus and other spiny lobsters may be due to the 
absence of the carotenoid, astaxanthin. 
In majority of the species of prawns, the ovarian stages could 
be viewed externally through the translucent carapace. But in the lobsters 
determination of ovarian developmental stages externally is not possible 
because of the hard and opaque carapace. However, certain characteristics 
such as colouration of haemolymph, presence of decalcified area on the 
sternal plate ( Windows ) and presence of ovigerous setae can be 
considered as ind icators of ovarian maturity. The haemolymph of the 
lobsters which undergo secondary vitellogenesis hascoral red colouration 
due to the carotenoid fraction of the vitellogenin . Not much study has been 
carried out correlating these characteristics with the ovarian developmental 
stages except the report of Aiken and Waddy ( 1980 ). 
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On the basis of morphological characteristics and frequency of 
distribution of oocytes at various phases of ovarian development, the ovary 
of P. homarus has. been classified into five stages viz. stage V, (immature ), 
V
2 
( primary vitellogenic ), stage V3 ( secondary vitellogenic ), stage V. 
(mature) and stage Vs (spent) . 
Berry (1971) previously identified six stages of ovarian 
development in P. homarus distributed off the Southern Africa. They are 
stage I ( immature ), stage 2 (inactive), stage 2A ( active ), stage 3 ( activel 
ripe), stage 4 (ripe) and stage 5 (spent). In this classification stage 2 and 
stage 5 are one and the same except for a few large residual ova in the 
oviduct which are soon resorbed. In the present study, a well defined stage of 
the ovary with cream colour and consisting of undifferentiated oogonia , 
secondary oogonial cells and primary vitellogenic oocytes is included as 
additional stage ie. V 2 stage. Stage 2A and 3 of Berry's ( 1971 ) classification 
is histologically not different and can be considered as one stage. In the 
present study, these stages are classified as the V3 stage or the secondary 
vitellogenic stage. Stage 4 and Stage 5 are compared to V. and Vs of the 
present study. Instead of classifying stage 4 as active or ripe, it is termed as 
the mature stage (V.) in the present study. 
A size gradient of oocytes is observed in the ovary with the 
secondary oogonial cells at the centre and the larger oocytes at periphery. 
This condition is more pronounced at the V2 stage. Studies conducted by 
Stewart et al. (1997) and Juinio ( 1987 ) suggested a size gradient of 
oocytes within the ovary with the germinal strand consisting of radiating mass 
of previteliogenic oocytes at the centre, with larger and more developed 
oocytes towards the periphery of the ovary. 
Ovarian developmental stages have also been described in many 
other species of lobsters as reported in I. peronii and Ibacus sp . 
142 
( 
( Stewart et al., 1997) and P. penicillatus (Juinio, 1987). Though the basis 
of classification is same, there is difference in usage of terminology. The 
difference is mostly observed in spent/recovery stage. In crustaceans, the 
ovarian maturation and spawning (oviposition) is controlled by many 
extraneous factors. The animal has mechanisms to control spawning and the 
mature egg oozes out of the ovary as per the requirement. Therefore, the 
enti re mature eggs may not be oviposited in a single spawn. These eggs will 
be either deposited in the next spawning or may be resorbed if further 
spawning is not imminent. Therefore, the spent ovary may contain clusters of 
ready to spawn eggs, developing oocytes and unspawned eggs that may be 
resorbed later giving the ovary a pale orange colour. Therefore, a true picture 
of the ovary will be available only when ovarian sections from different parts 
of the ovary is examined. The ovary at this stage is classified as spent, spent 
inactive or spent active by different authors. 
Five stages of ovarian development were macroscopically and 
histologically described by Stewart et al. (1997) in the Scyllarid lobsters, 
I. peronii and Ibacus sp. These ovarian developmental stages are almost 
comparable to the present classification. Juinio ( 1987) identified six 
ovarian developmental stages in P. penicillatus. The ovary in the primary 
vitellogenic stage is not included in P. penicillatus. The spent recovered 
developing ovary has been given a separate status. Similarly, the spent 
ovary was further divided into two separate stages viz. spawned and spent 
inactive. 
Ovarian development in C. quadricarinatus ( Abdu et al. , 2000 ) 
was classified into two different phases. In this study, two kinds of primary 
viteliogenic ovary were described; one with uniform milky white oocytes and 
the other with two distinctly coloured oocyte populations. The smaliest oocyte 
is white colour and the others with yellowish to orange in colour. The 
second primary viteliogenic phase could be the vitellogenic phase because 
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ovary at this phase contain oocytes having a colour of yellowish to orange and 
most of the oocytes are also in the lipid stage indicating the initiation of the 
secondary vite llogenesis. 
In many of the earlier studies with shrimps, P. monodon, P. in dicus, 
P. merguiensis and in few species of lobsters, I. peronii, Ibacus sp. and 
P. penicillatus, oocyte diameter or area of the oocytes was considered as 
the major criteria for determining the ovarian developmental stage. But this is 
not reliable as each stage of the ovary may contain oocytes of varying sizes 
at various phases of oogenesis. Hence, in the present study, percentage 
composition of oocytes has been taken as one of the criteria to identify the 
ovarian developmental stage. The primary vitellogenic stage is one of the 
major ovarian developmental stages which has been overlooked by most of 
the previous studies. 
Considering all these factors ovarian development in the spiny 
lobster P. homarus has been classified into five macroscopically 
distinguishable stages. Coral red colouration of haemolymph can be used 
as a possible indicator of ovarian maturation in the spiny lobster, P. homarus. 
5.2 Classification of oocytes during the process of oogenesis 
In the spiny lobster P. homarus, oocytes passes through different 
phases of transformation at the time of oogenesis and based on this, oocytes 
are classified into secondary oogonial cells, primary vitellogenic oocytes, 
secondary early vitellogenic oocytes, secondary late vitellogenic oocytes 
and mature oocytes. The process of oogenesis has been studied histologically 
and classified into different stages in various decapod species ; P. setiferus 
( King, 1948 ), cray fish ( Beams and Kessel, 1962 and 1963), L. emarginata 
( Hinsch and Cone, 1969 ), H. american us (Schade and Shivers, 1980 ). 
P. penicillatus (Juinio , 1987), C. clypeatus (Komm and Hinsch, 1987), 
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P. kess/eri ( Quinito et al., 1989). P. vannamei ( Yano et al., 1988), P. 
indicus ( Mohamed, 1989 ), . M. rosenbergii (Chang and Shih, 1995 ) P. 
monodon (Joseph, 1996), I. peronii and Ibacus sp. ( Stewart et al., 1997 
). C. quadricarinatus (Abdu et al., 2000) and P. merguiensis (Zacharia, 
2001). But the ultrastructural studies of oogenesis have been carried out 
only in a very few species of decapod crustaceans, P. indicus, P. monodon, 
H. american us, and P. kess/eri . 
Histological analysis provides an accurate idea of the stage of 
development of the ovary while the electron microscopic analysis provides 
an insight into the details of changes that takes place at the intracellular 
level. In the present study. a detailed description of oocyte development is 
given based on histological and ultrastructural analysis. 
Beams and Kessel (1962, 1963) were the first to describe in 
detail the ultrastructure of a crustacean oocyte and to relate its fine structure 
to the synthesis and morphogenesis of yolk. In the present study the secondary 
oogonial cells have conspicuous nucleus and a thin rim of cytoplasm. The 
cytoplasm is granular and filamentous and in this phase no sign of 
vitellogenesis was evident at the intra oocytic level as observed from the 
formation of cell organelles and from the morphological changes in the 
oolemma. 
As the secondary oogonial cells gradually transform into the primary 
vitellogenic oocytes. the cytoplasmic volume is increased. The primary 
vitellogenic phase is characterised by the endogenous vitellogenesis. This 
is evident from the appearance of various cell organelles and their active 
participation in the synthesis of yolk. Based on the ultrastructural studies . 
Schade and Shivers (1980) opined that primary vitellogenic oocytes have 
smaller dense vesicles in close proximity to the granule containing RER 
cisternae and is the site of intracellular yolk synthesis. Joseph ( 1996) also 
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observed various active cell organelles at this stage. In contrast to the 
observations made in the previous studies and in the present study, two types 
of primary vitellogenic oocytes were observed in C. quadricarinalus, smaller 
ones with white colour and another group with yellowish to orange colour 
(Abdu el a/., 2001 ). In most of the previous studies (Schade and Shivers , 
1980; Komm and Hinsch, 1987; Mohamed, 1989; Chang and Shih, 1995; 
Joseph, 1996; Stewart et a/., 1997; Zacharia, 2001 ), the term previtellogenic 
oocytes were used instead of primary vitellogenic oocytes. But the term 
primary vitellogenic oocyte is more appropriate for there are evidences for 
the intra oocytic yolk synthesis at this phase. Hence, in the present study, the 
term primary vitellogenic oocyte is used. 
Follicle cell seems to be large in the secondary vitellogenic 
oocytes, especially in the early vitellogenic oocytes compared to the previous 
stages. Similar observations were reported in M. rosenbergii ( Chang and 
Shih , 1995;9 and C. quadricarinalus (Abdu el a/. , 2000). The enlargement 
of follicle cells at this stage show that they also may have a role in the 
secondary vitellogenesis. They may act as a channel to transport vitellogenin 
from the extraoocytic source to the oocytes . But to confirm this conclusion 
more studies need to be carried out on folliculogenesis. At the late stages of 
secondary vitellogenesis, these follicle cells were seen to stretch around the 
oocytes, because the oocytes enlarge to a considerable size by the 
accumulation of yolk material. In .th.e early vitellogenic phase, active 
accumulation of lipid globules are found in the perikaryon of oocytes . They 
also have numerous active cell organelles . This has been demonstrated in 
other crustaceans such as C. c/ypeatus and P. monodon. A well developed 
golg i-endoplasmic reticulum interaction is also noticed at this stage. The golgi 
complex may involve in the packaging process of the yolk materials produced 
by the RER. Portions of the endoplasmic reticulum could be seen blebbing off 
in the golgi region and the golgi complex are then seen associated with this . 
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The golgi produced vesicles fuse together and later undergo condensation 
to form the yolk. This process has been well noticed in P. monodon, C. 
clypeatus and L. emarginata ( Hinsch arief Cone, 1969 ). Micropinocytic 
vesicles could be seen pinching off from the plasma membrane of the oocytes 
to the cytoplasm. In the early vitellogenic oocytes in P. homarus, this process 
was observed more intensively in the late vitellogenic oocytes. This suggests 
an extraoocytic synthesis of yolk material. Ultrastructural studies by Beams 
and Kessel ( 1963), Schade and Shivers ( 1980 ), Komm and Hinsch 
( 1987 ) and Joseph ( 1996 ) suggested an extraoocytic source of yolk 
synthesis due to the active pinocytic activity at the secondary vitellogenic 
phase. In P. homarus these pinocytic pits and vesicles accumulate in the 
cytoplasm and some are associated with the endoplasmic reticulum and the 
golgi body, which inturn are finally deposited as yolk material. The abundance 
of RER and free ribosomes in the primary as well as in the secondary 
vitellogenic oocytes of P. homarus is demonstrated in most of the 
ultrastructural studies of crustacean oocytes ( Beams and Kessel , 1962, 
1963; Schade and Shivers, 1980; Komm and Hinsch, 1987 and Joseph, 1996). 
The presence of these organelles suggests that the crustacean oocytes are 
also capable of sYrlthesising yolk and yolk materials endogenously. 
The late vitellogenic phase in many species is characterised by 
the presence of the cortical bodies and migration of nucleus ( Yano etal., 
1988; Mohamed, 1989; Joseph, 1996; Zacharia, 2001 ). The stud ies 
conducted by Chang and Shih ( 1995) could not find any cortical body in 
M. rosenbergii, which is contrary to the results obtained in the present study. 
Cortical bodies present in the oocytes of P. homarus are club shaped , 
similar to the shrimps. But in P. homarus they are stouter. In all the previous 
stud ies it was observed that as the process of vitellogenesis advances, the 
cytoplasm of the oocytes will become less basophilic and more of acidophilic, 
which agrees with the results obtained in the present study. During th is phase 
also active pinocytosis could be observed. Once the process of vitellogenesis 
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is over and the oocytes become mature, a space could be noticed between 
the oocyte and the surrounding follicle cells. Mature oocytes are characterized 
by the accumulated yolk and are packed with small cortical rods. The cortical 
bodies loses its appearance in the mature stage and become thinner and 
rod shaped. In P. kess/eri, the cortical bodies are round shaped, in contrast 
to the present study as well as in the previous studies. Among the previous 
stud ies the loss of appearance of cortical bodies in the mature oocytes are 
described only in P. monodon (Joseph, 1996). 
From the observations made, it may be seen that the process of 
oocyte development is a highly complex process. The oocytes undergo a series 
of morphological and structural changes in association with vitellogenesis. 
There is ample evidence for both endogenous and exogenous yolk synthesis 
during ovarian maturation in the spiny lobster, P. homarus. Endogenous 
vitellogenesis is characterised by the presence of various cell organelles , 
which actively take part in the synthesis and sequestration of yolk material. 
Exogenous vitellogenesis is identified by the active pinocytosis in the oolemma 
and their subsequent incorporation of pinocytotic substances into the yolk 
vesicles. This observation is later substantiated from vitellogenin isolation 
and characterisation stUdies. 
5.3 Morphology and cytology of the neuroendocrine system 
The central nervous system of the spiny lobster P. homarus 
consists of a ganglionated nerve cord extending from the cephalic region to 
the end of abdomen. This structure follows the general arthropod pattern. 
Around 22 ganglia are seen distributed in the nerve cord . This includes a 
pair of optic ganglia , a supraoesophageal ganglion, a pair of tritocerebral 
ganglia , one suboesophageal ganglia, five pairs of thoracic ganglia which are 
fused together to form a single ganglionic mass and six abdominal ganglia. 
A post oesophageal commissure with a pair of post commissural organs 
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and two circumoesophageal connectives are also present. The morphology 
of the central nervous system of P. homarus has close similarity with that of 
P. polyphagus ( George et al., 1955), H. american us ( Bullock and Horridge, 
1965 ) and Jasus lalandii (Patep Ison, 1968 ). 
The neurosecretory cells in the optic ganglia , supraoesophageal 
ganglion, and thoracic ganglia are distinct from the nerve cells. Several 
workers have classified the neurosecretory cell types based on morphology, ' 
size, nature of axonal ending, secretory activity etc. (Enami, 1951; Durand, 
1956; Matsumoto, 1958; Lake, 1970; Nakamura, 1974; Herp etal., 1977; 
Mohamed et al., 1993; Joseph, 1996). The variations in descriptions 
of NSCs of closely related species are probably due to differences in 
staining methodology, cycNc secretory activity and species specificity 
(Mohamed et al., 1993 ). There may be similarity in size and shape of NSCs 
between species and at the same time some of the cells may be unique to a 
certain species. Within a species, the NSCs of each major ganglion will have 
different characteristics. In P. homarus the NSCs in each ganglia are 
significantly different and therefore the NSCs of the optic ganglia , 
supraoesophageal and thoracic ganglia were classified separately. 
Description of NSCs in various ganglia of the crab Charybdis lucifera 
( Chandy and Kolwalkar, 1985), shrimps, P. indicus ( Mohamed , 1989 ) 
and P. monodon (Joseph, 1996) were based on a common pattern. 
C. lucifera has five neurosecretory cell types whereas P. indicus and 
P. monodon have four cell types. A common classification was followed for 
~escribing NSCs in the supraoesophageal ganglia, the commissural ganglia 
and the thoracic ganglia in five species of crabs viz. P. dehaani, E.japonicus , 
C. opilio, N. trituberculatus and S. intermedia. (Matsumoto, 1956). The 
NSCs in the optic ganglia were classified separately except for one cell type . 
However, the NSC types described in the aforementioned crustaceans 
significantly differ from the cell types found in the central nervous system of 
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P. homarus. P. homarus possess a large number of NSC types compared 
to other species of crustaceans. Further more, most of the NSC types 
are comparatively larger. Six cell types were identified in the optic ganglia 
and eight cell types in the supraoesophageal and thoracic ganglia. 
The neurosecretory cells distributed in different parts of the nervous 
system in P. homarus exhibited secretory activities in relation to reproduction. 
Several authors have classified secretory activity of the neurosecretory cells 
t Durand) 19~6 ; Matsumoto, 195Z ; Mohamed et a/., 1993 · and 
Joseph? 1996). Mohamed et a/. (1993) suggested a cyclic secretory 
activity as an indication of the neurosecretory status of a nerve cell. Durand 
( 1956) classified the secretory cycle into a secretory phase and a 
nonsecretory phase. Matsumoto (195"8) classified the secretory cycle NSCs 
into two phase ie. active phase and inactive phase while Mohamed at a/. 
( 1993 ) and Joseph ( 1996) gave a classification in which the secretory 
cycle fall into three phases viz., vacuolar phase, secretory phase and quiscent 
phase. 
In the present study, one more phase, a synthetic phase is also 
included, as they form the basic or the primary step for the synthesis of 
neurosecretory products. During this phase, numerous secretory granules 
are produced and processed by the ribosomes, ER and Golgi bodies. Most 
of the stUdies considered presence of peripheral vacuoles as the initial phase. 
In P. homarus synthetic phase is considered as the first phase followed by 
the vacuolar phase during which the vacuoles are filled up by the secretory 
material. 
The microanatomy of the optic gan91ia of P. homarus is identical 
to the optic ganglia of other crustaceans including the crabs, E. japonicus, 
C. op i /io , P. dehanni, N. tritubercu/atus and S. intermedia 
( Matsumoto, 1958) and P. hydrodromus (Adiyody, 1967) O. nais (Shivers, 
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1967) C. lucifera ( Chandy and Kolwalker, 1985 ) and the shrimps, P. serratus 
( Herp et al., 1917), P. indicus (Mohamed, 1995), P. monodon (Joseph, 
1996) and the lobster N. norvegicus (Giulianini et pl., 1998). Micro-
anatomical studies conducted by Rotllant et al. (1995) show that embryonic 
eyestalk of H. gammarus also consists of four ganglia viz. medulla terminalis, 
medulla interna, medulla extern a and lamina ganglionaris along with the 
neurohaemal organ, sinus gland. 
Six NSC types are distributed in the optic ganglia of P. homarus. 
These cells are different from the NSCs in other crustaceans in various 
characteristics like size , shape etc. None of these cells could be noticed in 
other ganglia. The NSCs in each lobe of optic ganglia are probably the 
specialised cell groups involved in the synthesis of specific neurosecretory 
hormones. 
In P. homarus, though different groups of NSC types in medulla 
terminalis - X organs are identified, they are fused together to form a 
continuous structure and hence these are collective ly called as medu lla 
terminalis - X organ. This is different from the medulla terminalis - X organ 
1 and medulla terminalis - X organ 2 of P. indicus, P. monodon, P. serratus 
and also the medulla terminalis - X organ 3 of C. lucifera . In the crabs , 
E. j aponicus, P. dehaani, C. opilio, N. trituberculatus, S. intermedia, O. nais 
and O. virifis ( Andrew and Saleuddin, 1979), the different groups of NSCs 
are fused together as observed in P. homarus. The sinus gland of P. 
homarus is elliptical in shape and has an internal blood sinus, external 
blood sinus and ending of various axon terminals that orig inate from different 
X organs. Sinus gland of P. indicus is of similar shape ( Mohamed et al., 
1993 ). On the other hand , the sinus gland of N. norvegicus is less well 
defined when compared to P. homarus. The function of the sinus gland as a 
neurohaemal organ is beyond doubt as the swolen axonal end ings are 
frequently observed . The hormones synthesised by X organs are believed to 
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be transported to the sinus gland through the axon terminal which in turn are 
released into the blood sinus, ultimately reaching to the target.tissue. 
The optic ganglia has been proposed as the site of synthesis of 
gonad inhibiting hormone (GIH) in crustaceans ' and its presence was first 
demonstrated by Panouse (1943 ) and later confirmed by many authors 
( Adiyodi and Adiyodi , 197 0; Quackenbush and Hernkind, 1981 ; Fingermen , 
1987; Herp and Payan, 1991 ; Subramoniam, 1999; and Huberman, 2000 ). 
The presence of these hormones has also been confirmed by the isolation 
purification, and characterisation of VIH from the eyestalk of the lobster 
H. american us by many investigators (Quackenbush and Hernkind, 1981 ; 
Meusy et al., 1987; Soyez et al., 1991; Meusy and Soyez, 1991 ). The GIH in 
females has also been named as Vitellogenin Inhibiting Hormone (VIH ) as 
in females the hormone is inhibitory to vitellogenesis. 
Since VIH has an inhibitory action on the ovarian development it is 
reasonable to assume that the NSCs involved in the VIH secretion will be in 
the S-phase in V2 and Vs stages (when vitellogenesis does not take place ) 
and in the Q-phase in V3 stage when active vitellogenesis take place. During 
this period, VIH in the haemolymph is at the lowest level (Adiyodi and Adiyodi, 1970). 
Three neurosecretory cell types in the optic ganglia were observed to follow such a 
pattern . They are b', e' and f' NSC types . Therefore , it could be concluded 
that these three c611s may have a prominent role in the production of VIH . 
Similar studies have been carried out in P. indicus (Mohamed, 1999) and 
P. monodon ( Joseph, 1996). In P. monodon, A & B cells exhibited 
heightened activity in the immature stage whereas C-cells, were in the 
Q-phase. But in the fully mature stage, reduced secretory activity was observed 
in the GN, B & C cells and invariably most of the A cells were in the Q-phase. 
From the studies it may be concluded that eyestalk NSCs in the X - organ 
are the site ofVIH synthesis. 
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showed a different distribution pattern. Studies on P. indicus (Mohamed 
et al., 1993) showed a same pattern of arrangement in the NSCs in all the 
five pairs of thoracic ganglia. But the results obtained in the present studies 
are contrary to this observation where NSC types showed a different 
distribution pattern in all the five pairs of ganglia. The results agree with the 
studies conducted on five species of crabs (Matsumoto, 1958) . 
There have been reports of the presence of a Gonad Stimulating 
Hormone ( GSH ) in the supraoesophageal ganglion and thoracic ganglia of 
different crustaceans, but till now it has not been characterized (Otsu, 
1960; Kulkarni et al., 1991., Eastman - Reks and Fingerman, 1984; Takayangi 
et al., 1986, Yano et al., 1988, Kulkarni et al. , 1991 , Joseph, 1996' and 
Zacharia , 2001 ). 
Supraoesophagel ganglion and thoracic ganglia are 
considered as thesitesof synthesis of GSH while optic ganglia is the site for 
synthesis of inhibitory hormone (GIH). In the V1 and V2 stages the NSC 
involved in the production of GSH are in the synthetic or vacuolar phase and 
in the V3 stage they are in the S-phase and in the a-phase. In the Vs stage 
the NSCs are in the a-phase or S phase or even V phase. In the 
supraoesophageal ganglion only d" cells types follow such a pattern . 
Therefore, d" cells are likely to be the probable site of synthesis of GSH, in 
the supraoesophageal ganglion. In the thoracic ganglia b'" and f'" followed 
th is pattern and these NSC types could the site of synthesis of GSH in the 
thoracic ganglia . 
Stud ies conducted in P. monodon show that at the immature stage 
most of the cells are in the a-phase. In early maturing stages most of the GN 
and A cell types are in the vacuolar phase. In the vitellogenic stage GN and B 
cells are in the S-phase and c cells in the vacuolar phase. In P. monodon GN 
or B cell types may involve in the production of GSH. In the crabs E. japonicus, 
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P. dehaani, S. intermedia, N. trituberculatus and C. opilio the A, S' and E 
cells appear to be active when the ovary is generally in its early stage of 
maturation, but at the time,of ovulation the E cells show active secretion, and 
A' and E cells contain no stainable secretory granules. Experimental studies 
of the neurosecretory activities of the thoracic ganglion of crab Hemigraspus 
sp . show that S'- cells are in the active state at the time of ovarian 
development (Matsumoto, 1962 ), 
It could be concluded from these stud ies that the general structure 
of the neurosecretory system of P. homarus is similar to those reported for 
other crustaceans. However, the neurosecretory cells described above are 
unique to the spiny lobsters. The cyclic secretory activity of neurosecretory 
cells in the supraoesophageal and thoracic ganglia pOints to secretion of 
certain hormones, which accelerates vitellogenesis. Their mode of action is 
not yet clearly understood. It is not necessary that these two stimulatory 
neurohormones are of identical chemical nature and with similar function . 
This needs further clarification. 
5.4 Characterisation of vitellogenin and vitellin 
Vitellogenesis , the process of yolk synthesis and deposition in the 
oocytes is a highly complex gamatogenic process. Vitellin or lipovitellin is the 
major yolk protein that accumulates in the ovary during this process. There 
has been considerable debate over the origin of yolk in the ovary. 
Vitellogenin , the major precursor of vitellin or yolk was reported for the first 
time in crustacea in the crab Carcinus maenas ( Frentz. 1960 ). Later the 
sign ificance of vitellogenin in vitellogenic processes was demonstrated in 
several other species, P. chinensis ( Chang and Jeng , 1995 ). 
P. semisulcatus ( Lubzens et al., 1997 ), P. monodon (Longyant et al., 
2000 ) and P. merguiensis ( Zacharia , 2001 ). 
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In the present study, the vitellogenin and vitellin of P. homarus have 
been isolated, identified and characterised . Immunoelectrophoresis provided 
evidence that the identified proteins in the ovary and haemolymph are the 
vitellin and the vitellogenin . The vitellogenin consists offour polypeptide units 
of molecular weights of 158 KDa, 100 KDa, 95 KDa ad 63 KDa. The vitellin 
consists of five subunits of molecular weights 158 KDa , 74 KDa , 15 KDa , 
14 KDa and 8 K Da. The vitellogenin and vitellin subunits of various crustaceans 
have been isolated and characterised including U. pugi/ator 
( Eastman-Reks and Fingerman, 1985), P. japonicus (Vaquez -Boucard , 
eta/., 1986), M. rosenbergii (Derelie, 1986 ; Chang et a/., 1993 ), 
P. longirostris (Tom, 1987) P. kessleri ( Quinito , 1989 ), P. semisulcatus 
( Browdy et a/. , 1990; Tom et a/., 1992; Khayat et a/., 1994; Lubzens et a/., 
1997 ), P. vannamei (Tom et a/., 1992 ), P. monodon (Chen and Chen, 
1994; Chang et a/., 1994; Longyant et a/., 1999; Longyant et a/., 2000) 
P argus ( Quackenbush and Smith, 1994), P. chinensis ( Chang and Jeng, 
1995bChang et a/., 1996) and P. merguiensis (Zacharia, 2001 ). 
) 
Vitellogenin in the haemolymph of the secondary vitellogenic 
P. homarus was found to be immunologically identical to oocyte vitellin and 
th is result is consistent with the results obtained in other species like 
C. sapidus ( Kerr, 1969 ) , M. rosenbergii ( Derelle et a/., 1986 ). 
H. americanus ( Byard and Aiken , 1984 ), P. kessleri ( Quinito et a/., 1989 ), 
M. nipponense ( Han et a/., 1994), P. monodon ( Chang et a/., 1996 ) and 
C. quadricarinatus ( Sagi et a/., 1999 ). 
The present as well as the previous studies show that the crustacean 
vitellin and vitellogenin are species specific. The number of subunits of vitell in 
and vitellogenin and their molecular weight vary from species to species . But 
a few subunits like 158 KDa are common to some species like P. japonicus, 
P. chinensis, P. monodon, P. merguiensis, P. longisotris, P. semisulcatus 
and P. homarus. Similarly 74 KDa of vitellin in P. homarus is found in 
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Another important observation made in the present study is that 
vitellin had a few polypeptide units of higher molecular weight and more number 
of subunits of very low molecular weight ( 15 KOa, 14KOa and 8 KOa ). Same 
observations were found in P. monodon ( Chang et a/., 1996) and 
P. merguiensis (Zacharia, 2001 ) suggesting that some polypeptide units of 
the vitellogenin in the haemolymph is incorporated into the oocytes , and some 
of the subunits get partially digested and transformed into vitellin in combination 
wi th another subunit. In the case of P. homarus, the vite ll in subun it 
incorporated in the oocyte has a molecular weight of 158 KOa. 
There has been disparity regarding the number as well as the 
molecular weights of polypeptide units of vitellin and vitellogenin in the same 
species reported by different workers ie., different number of subunits and 
different molecular weights were obtained for vitell in and vitellogenin in the 
same species. Sometimes even the same authors have given contrasting 
results in the same species, for ego P. semisu/catus, ( Browdy et a/., 1990; 
Tom et a/., 1992; Khayat et a/., 1994 Lubzens et a/., 1997 ) M. rosenbergii, 
( Oerelle , 1986; Chang et a/., 1993) and P. monodon, ( Longyant et a/., 1999 
and 2000 ). Longyant et a/. ( 1999 and 2000 ) suggested that the latter study was 
more reliable for in th is study antibodies specific to vitell in subunits were used. 
In the previous studies, antibodies to vitellin were used and that would have 
reacted with other native proteins. 
In conclusion vitellogenin and vitellin of P. homarus consists of four 
and five subunits , respectively. Both of them have one polypeptide unit in 
common with a molecular weight 158 KOa. 
5.5 Site of synthesis of yolk protein 
Decapod crustaceans produce large number of heavily yolked eggs 
in the ovary. Vite llin or lipovitellin is the major yolk protein that accumulates in 
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Table 13: Molecular mass of vitellin and vitellogenin subunits 
reported in different crustaceans 
Vitellin Vitellogenin 
Species Subunits Molecular Subunits Molecular 
weight (KDa) weight (KDa) 
Uca pugi/ator 2 100,123 
( East man-
Reks and Fingerman, 
1985 ) 
P. japonicus 5 76,86, 
( Vaquez -Boucard , 92,1 05 , 
et al., 1986 ) 150 
Macrobrachium 
rosenbergii 2 922,84 2 922,84 
( Derelle, 1986 ) 
Parapenaeus 
longirostris 2 45,66 
( Tom, 1987) 
Pandalus kessleri 2 81,110 
( Quinito, 1989 ) 
Penaeus semisulcatus 4 50,63 , 
( Browdy et al. , 1990 ) 80, 90 
Penaeus semisulcatus 2 86, 95 
(Tom et al., 1992) . " 
Penaeus vannamei 2 61 , 69 
(Tom etal., 1992) 
Macrobrachium 2Vn, 90, 104 
rosenbergii 2Vn2 90,104 ( Chang et al., 1993 ) 2Vn3 90, 104 
Penaeus monodon 4 22, 168 
( Chen and Chen, 1994 ) 130, 74 
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Vitellin Vitellogenin 
Species Subunits Molecular Subunits Molecular 
weight (KOa) weight (KOa) 
Penaeus semisulcatus 80, 96, 
( Khayat et.al., 1994 ) 158 
Penaeus monodon 8 35,45, 49, 2 170 
( Chang et al., 1994 ) 58, 64, 68, 82 
82, 92 
Panulirus argus 
Quackenbush and 2 97, 154 
Smith, 1994) 
P. chinensis 78 2 85 
(Chang and Jeng, 1995 15 
Penaeus chinen sis 5vn2 105,85, 78, 
( Chang et al., 1996 ) 58,40 
3vn2 155, 85 
.. 
Penaeus semisulcatus 3 20, 120 3 20,1 20, 
( Lubzens et al., 1997 ) 80 80 
Penaeus mondon 2 80, 83 2 83,200 
( Longyant et al., 1999 ) 
Penaeus mono don 4 104,83,74, 4 200,104, 
( Longyant et al., 2000 ) 74,58, 45 83, 74 
Penaeus merguiensis 5 104,102,68, 6 104,102, 
(Zacharia, 2001 ) 55,44 99,68, 
64, 24 
Panulirus homarus 
( Present study) 5 158,74, 15, 4 158,100, 
14,8 95, 63 
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the ovary during the secondary vitellogenesis ( Adiyodi and Subramoniam, 
1983 ). There has been considerable debate over the issue of site of synthesis 
of vitellogenin . The relative role of ovaries as well as other somatic tissues in 
contributing to the yolk is yet to be resolved . 
In P. homarus, the haemolymph, the extracts of ovary , 
hepatopancreas and the adipose tissue formed precipitation arc with the 
antisera of vitellogenic ovary showing that the lipoproteins present in these 
tissues are immunologically identical to the lipovitellin of the ovary. The 
formation of precipitation arc with haemolymph only indicate that vitellogenin 
is present in the haemolymph but there is no conclusive proof that 
haemolymph, or more specifically the haemocytes are the site of synthesis of 
vitellogenin in P. homarus. The presence of yolk proteins in the haemolymph 
of crustaceans undergoing ovarian maturation has been observed in many 
species ( Byard and Aiken, 1984; Fielder et al., 1971; Kerr, 1969; Nelson et 
al., 1988 b and Quackenbush and Smith , 1994). Based on C14 -leucine 
studies in the crab C. sapidus, Kerr ( 1969) postulated that haemocytes 
may be the site of synthesis of vitellogenin but could not provide authentic 
evidence. The vitellogenin in the haemolymph would have appeared from two 
sources as suggested by Adiyodi and Subramoniam (1983); i) It could be 
from leakage of yolk proteins from yolk lysis resulting from resorption or 
alternatively; ii) could be indicative of active synthesis of a specific yolk 
protein outside the ovary and its subsequent release into the haemolymph and 
on the way to the ovary. The occurrence of yolk protein in the haemolymph in 
P. homarus is likely to be due to the latter process as the haemolymph was 
drawn from a fully vitellogenic female. 
Speculation on the origin of vitellogenin has also focussed on the ovary 
itself. In the present study, the precipitin arc formed by the vitellogenic ovarian 
extract against the antisera of ovary show that the proteins are immunologically 
identical but may not provide evidence of ovary as the site of synthesis of 
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observed in the hepatopancreas of vitellogenic females and supports the 
contention that hepatopancreas plays an important role in vitellogenin 
synthesis (Sorokoa et a/., 2000). Radhakrishnan and Vijayakumaran 
( 1984) reported drastic reduction of metabolic reserves in the hepatopancreas 
of eyestalk ablated P. homarus undergoing active vitellogenesis . The 
biochemical components are presumably transported to the ovary through 
the haemolymph . In contrast Longyant et al. (2000) did not observe any 
vitellin immunoreactive substance in either follicular cells or hepatopancreas 
of the vitellogenic prawn P. monodon. 
Similar to hepatopancreas, vitellogenin synthesis by adipose tissue is 
also contradictory. Immunocrossreactivity with adipose tissue extract is 
indicative of adipose tissue as the site of synthesis of vitellogenin in 
P. homarus. Meusy et al. (1988) demonstrated the presence of vitellogenin 
in the adipose tissue of vitellogenic females of the prawn P. serratus. Similar 
results were obtained later in two other decapods, P. japonicus 
(Vazquez~Boucard, 1985) and P. longirostris (Tom et al., 1987). These 
studies show the involvement of somatic organs other than ovary in 
vitellogenin synthesis, which may be species specific. However, the concept 
of extra ovarian synthesis of vitellogenesis is confirmed in many crustaceans 
including the spiny lobster P. homarus in the pr~sent study. 
5.6 Ganglionic extract treatment 
The presence of gonad stimulating principles in the 
supraoesophage131 ganglion and thoracic ganglia was demonstrated by many 
workers. In P. homarus observations on cyclic secretary activity of NSCs in 
supraoesophageal ganglia and thoracic ganglia have provided indications 
of involvement of neurosecretory hormones in the ovarian maturation 
processes. In P. homarus when aqueous extracts of the supraoesophageal 
ganglia and thoracic ganglia of vitellogenic lobsters were administered to 
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P. homarus with immature ovary, an increase in the GSI was observed. The 
supraoesophageal ganglia treated lobsters have an average GSI of 0.325 
( significant at P = 0.05) while thoracic ganglia injected animals have an 
average of 0.234 ( not significant at P=0.05) which are comparatively higher 
than the control. In order to confirm the vitellogenic accelerating effect of the 
extract, percentage distribution of oocytes in the ovary of injected lobsters in 
each treatment was analysed light microscopically. The percentage frequency 
of vitellogenic oocytes were found to be significantly higher in the injected 
lobsters compared to the control. But the secondary oogonial cells and 
undifferentiated oogonia were more in the control when compared to the ganglia 
treated groups. From the experiments it could be noticed that the 
supraoesophageal ganglia extract has got more stimulatory effect on 
vitellogenesis than the thoracic ganglia. 
Otsu ( 1960) was the first to report that the central nervous tissue 
has got a stimulatory action on vitellogenesis following repeated implantation 
of thoracic ganglion in immature female crab, Potamon dehaani. Hinsch and 
Bennet ( 1979 ) and Eastman-Reks and Fingerman ( 1984 ) carried out similar 
studies on L. emarginata and U. pugilator, respectively and came out with 
the same conclusion that thoracic ganglia of the maturing lobsters have a 
stimulatory effect on the process of vitellogenesis. The results obtained from 
the injection experiments carried out by Kulkarni et al. (1981) on P. hardwickii 
showed that both suproesophageal ganglion and thoracic ganglia have a 
stimulatory effect on ovarian development. Takayangi et al. (1986) conducted 
in vitro and in vivo studies to find out whether any ovary - stimulating factor is 
present in the central nervous system of P. compressa. These studies 
demonstrated an ovary stimulating factor in the supraoesophegeal ganglion 
and thoracic ganglia . Yano et al. (1981) conducted similar studies in 
P. vannamei with the thoracic ganglia of lobster and same result was 
obtained. In P. homarus the stimulatory effect was comparatively higher in 
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supraoesophageal ganglion extract injected group and the hormonal factors 
present in supraoesophageal ganglion seems to have a major role in 
controlling vitellogenesis. However, the chemical nature of the substance and 
mode of action of the hormones on target tissues is not well understood. Yano 
and Wyban ( 1992 ) based on the studies conducted in P. vannamei with the 
brain extract opined that the neuropeptides produced by brain may act as a 
GSH releasing factor to act upon the thoracic ganglia to release the GSH. 
However, there is no conclusive evidence to support this hypothesis in 
P. homarus. In P. homarus, thoracic ganglia extract had a lesser action on 
ovarian maturation compared to supraoesophageal ganglia extract. Zacharia 
( 2001 ) also noticed a better stimulatory effect of brain extract on vitellogenesis 
than the thoracic ganglia. 
Kulkarni et a/. (1991) studied the oogenesis and the effects of 
neuroendocrine hormones on in vitro synthesis of protein by the ovary of red 
swamp cray fish P. clarkii and observed that the ovaries treated with 
supraoesophageal and thoracic ganglia extract have better incorporation of 
C14 leucine than the control , showing the stimulatory effect of these ganglia 
on vitellogenesis. Joseph (1996) and Zacharia ( 2001 ) also conducted 
supraoesophageal and thoracic ganglia extract administration experiments 
. on P. monodon and P. merguiensis, respectively and obtained similar results. 
The ovarian stimulatory effect of ganglionic extract was observed 
only when the ganglion from the vitellogenic females are used and not from 
immature females . This shows probably higher secretory activity of 
vi tellogenesis stimulatory hormones during the process of vitellogenesis .To 
arrive at the optimum dose of administration requires further standardisation. 
None of the stimulatory factors have been so far isolated or purified in any of 
the species , though ovarian stimulatory affect was evident in many studies as 
described above. 
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The present study shows the existence of vitellogenesis stimulatory 
factors in the brain and thoracic ganglia but the exact mechanism of action of 
hormones produced by these ganglia in stimulating the process of 
vitellogenesis in P. homarus is yet to be studied. Further studies on isolation, 
purification and characterization of the VSH alone can pave way for the artificial 
synthesis ofVSH and may be a successful alternative for the eyestalk ablation 
for the induction of maturation in the broodstock. 
5.7 Biogenic al"!'ine treatment 
In crustaceans, biogenic amines function mainly as neurotransmitter 
and neuromodulators and some serve the functions of neuroregulators to control 
the release of crustacean neurohormones ( Subramoniam, 1999). The biogenic 
amines include 5 - HT, Dopamine, GABA etc. 
5.7.1 5-hydroxytryptamine treatment (5-HT) 
In the present study, lobsters treated with 5 - HT showed a slight 
increase in the GSI of 0.274 (non significant at P = 0.05 ) than the control 
with a GSI of 0.260. However, the percentage frequency of vitellogenic 
oocytes in the ovary was higher (68%) than the control injected with saline 
(44%) suggesting the stimulatory effect of 5 - HT on vitellogenesis. There 
has been few studies on the effect of biogenic amines inducing ovarian 
development. In female U. pugilator (Richardson et a/., 1991 ) administration 
of 5-HT accelerated ovarian development. But the crabs administered with 
the 5-HT receptor blocker showed less ovarian development than the saline 
injected controls. The supporting evidence for this was provided when 5 - HT 
and two agonists ( which enhance the release of 5 - HT ) ferfluamine and 
fluoxatin were injected into U. pugi/ator ( Kulkarni and Fingerman, 1992b ). 
The 5-HT injected animals showed an increase in the ovarian index and oocyte 
diameter. But the animals injected with 5-HT agonists showed a still higher 
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ovarian index and oocyte diameter. In another study, significantly higher 
labelling of C14_ leucine of ovarian proteins injected with 5-HT in vivo was 
observed but no significant change in the I~vel of C'· -leucine into ovarian 
proteins occurred when the crab ovaries were incubated in vitro ( Kulkarni 
et al., 1992c) showing an indirect involvement of 5-HT in ovarian development 
by stimulating the production VSH produced probably from other sources. 
Reghunathan and Arivazhagan ( 1999) studied the concurrent effects of 
eyestalk ablation and 5-HT on ovarian development in a freshwater crab 
P. hydrodromous and reported significant increase in ovarian index in the 
eyestalk ablated and 5-HT treated crabs. This result also indicates that VSH 
producing centre is in the central nervous system. Sarojini et al. (1995b) 
incubated ovarian explants with 5-HT in the absence of brain or thoracic ganglia 
and no significant effect on the ovarian explants were observed. In contrast, 
in vitro brain and thoracic ganglia induced ovarian maturation, indicating the 
presence of GSH in these tissues. However, this in vitro effect was significantly 
greater when 5 - HTwas present in the incubated medium showing that 5 - HT 
has stimulatory role in the release of GSH. 
Application of 5 - HT and their agonists in inducing maturation and 
spawning of crustaceans may need further investigation. In the present study 
the observation of higher percentage of viteliogenic oocytes in 5-HT injected 
females is indicative of the stimulatory role of 5-HT though significantly higher 
GSI in treated group compared to the control was not obtained. This may be 
due to the reasons that the dosage was not sufficient enough to stimUlate 
ovarian development or the release of GSH. Though 5 - HT is assumed to 
possess a neuroregulatory role in stimulating the release of gonad stimulatory 
hormone, successful ovarian maturation and spawning in injected animals is 
yet to be achieved. The dosage, the administration intervals and the 
physiological state of the recipient animals need standardisation. The 5-HT 
agonists may have higher potential in brood stock maturation as they may 
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trigger the release of 5-HT in appropriate doses and sufficient enough to 
stimulate the release of GSH. They may have a lesser stress on the animals. 
5.7.2 Dopamine treatment 
Dopamine is considered to be inhibitory to the release of 
neuropeptides concerned with ovarian development in crustaceans. In the 
present study, precocious ovarian development was induced by bilateral 
eyestalk ablation and the inhibition of ovarian development in the eyestalk 
ablated lobster was noticed in the dopamine treated groups. GSI of 
experimental lobsters was an average of 0.34 compared to the control 
( average GSI of 0.76 significant at P = 0.05 ). The ovary of the dopamine 
treated lobsters were white or pink in colour while that of the control was 
coral red in colour. Dopamine injected group has lower percentage of 
secondary vitellogenic oocytes (25.56%) compared to the control ( 55% ). 
These results show that dopamine has an inhibitory role on ovarian 
development. 
Very limited work was carried out on the mode of action of dopamine 
on reproduction in crustaceans. Injection of dopamine on female P. clarkii 
resulted in inhibition of ovarian development (Sarojini et al., 1995 d ). In an 
in vitro study with P. clarkii, dopamine was found to inhibit 5 - HT stimulated 
ovarian maturation but not in in vivo (Sarojini et al., 1996a ). On the otherhand, 
Richardson et al., (1991 ) and Kulkarni et al., ( 1992 ) did not find any effect 
on ovarian development in dopamine injected U. pugi/ator and P. clarkii, 
respectively. On the contrary Sharmila ( 1997 ) reported decrease in gonadal 
indices in the U. pugi/ator on administration of dopamine. 
The observations made in the present study matches with the results 
obta ined in most of the previous experiments and thus affirm the inhibitory 
role of the neuroregulator, dopamine on the ovarian development. These 
results along with the reports of occurrence of dopamine in the central nervous 
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system of the crustaceans (Effossen, 1966; Butler and Fingerman, 1983 ) 
points to the fact that apart from the Gonad Inhibiting Hormone, there are 
other factors like dopamine which have a significant role in the regulation of 
female reproduction in crustaceans. The action of dopamine does not seem 
to be direct on the ovary. In fact, the neuroregulator may have acted by blocking 
the production of GSH from the central nervous system. 
From these studies it could be concluded that dopamine probably 
also has an indirect role in reproduction of P. homarus. Since both are 
present in the nervous system of crustaceans the action of 5-HT and 
dopamine are ev ~dently antagonistic. 
5.8 Bilateral eyestalk ablation experiments 
Adult female P. homarus that were bilaterally eyestalk ablated at 
early and late interrryoult stages responded differently with regard to moulting 
and ovarian development. Those ablated in early intermoult ( one week after · 
moulting) developed fully mature ovaries and oviposited . This response is 
obviously due to the removal of GIH. Moultacceleratoryprocesses may also 
have been initiated though there was no external manifestation of the changes 
ie., the growth processes would have been accelerated as the Moult Inhibiting 
Hormone ( MIH ) has also been removed . This is evident from the faster 
moulting in ablated lobsters. However, these lobsters did not enter the premoult 
as these were ablated in the early part of the intermoult ( c ) stage. On the 
otherhand, the lobsters ablated in the latter part of the intermoult entered into 
the premoult cycle with simultaneous acceleration of the ovarian development. 
Though the ovary was precociously developed into fully mature ovary, 
resorption occurred as the lobster entered into the premoult. Thus , two energy 
demanding processes, moulting and reproduction have been simultaneously 
accelerated. The fully mature ovary got resorbed as the lobster entered into 
the final phase of moulting probably to channel the resources and energy for 
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moulting . On the other hand, in lobsters ablated in the early intermo_ult the 
emphasis was more for reproduction. Quackenbush and Hernkind ( 1981 ) 
reported smaller gonad in eyestalk ablated lobsters that has moulted compared 
to those did not moult. The lobsters used in this study were all in intermoult 
stage. But the precise stage of intermoult was not taken into consideration . 
Obviously those lobsters that moulted with smaller gonads may have been in 
late intermoult stage and those did not moult in the early intermoult stage. This 
supports the earlier view of simultaneous acceleration of moulting and ovary 
development in bilaterally eyestalk ablated P. homarus postulated by 
Radhakrishnan and Vijayakumaran ( 1984a ). The interesting report of eyestalk 
. ablated lobster moulting with fully developed eggs clearly shows that the 
antogonism of moulting and reproduction present in normal lobsters is lost in 
ablated lobsters and the two processes continue to proceed simultaneously. 
Information on the moult cycle and the time spent in each moult stage are 
important for induced maturation in crustaceans. This study supports the 
contention that information on previous moult history is necessary for 
physiological experiments. For enhancing the development of the ovary and 
quick spawning of shrimps with spermatophore it is always better to ablate 
the animals in early intermoult stage. Repetitive maturation and spawning can 
be expected before the animal enters the premoult phase. This is also 
applicable to lobsters and crabs carrying spermatophore. In the spiny lobster 
Radhakrishnan and Vijayakumaran ( 1984c ) observed regression of ovarian 
development during the second moult cycle after bilateral eyestalk ablation. 
Extreme resorption has been reported to damage the ovary and may be the 
reason for failure of maturation of the ovary as reported above (Adiyodi and 
Subramoniam, 1983). This was more prevalent in lobsters ablated in late 
intermoult stage in which the ovary is resorbed. 
Radhakrishnan and Vijayakumaran ( 1984 c ) were the first to report 
differential responses to eyestalk ablation by adult female lobsters. The 
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response is likely to be related to the moult stage at which ablation is carried 
out. Radhakrishnan (1989) classified the moult cycle of P. homa'rus and 
apportioned the time spent at each moult stage between two moults . The 
lobster spends nearly 40.6% of the time in ' intermoult ' (c) stage and an other 
34.90% in early premoult ( Do stage ). In normal adult females the entire 
reproductive activity is completed during this period independently of other 
processes (Radhakrishnan and Vijayakumaran 1984a) In eyestalk ablated 
lobsters, the response is dependent upon the dominant physiological process 
at the time of eyestalk ablation, either moulting or reproduction . It is also 
interesting to note that bilateral eyestalk ablation of adult females has no 
inhibitory effect on somatic growth. Spiny lobsters belong to those group of 
crustaceans which continue to grow even after attaining sexual maturity. 
However, the intermoult period in adult females slow down to accommodate 
repetitive spawning in a moult cycle. There are reports that eyestalk ablation 
accelerates ovarian development mostly during breeding season and poor 
response in other periods ( Gupta et al., 1987 ). In P. hydrodromous they 
observed distinct acceleration of ovary in prebreeding and breeding season 
( August I September to March) and more emphasis on somatic growth 
between March and May. This is not true for P. homarus as this species is a 
continuous breeder and egg bearing females could be observed through out 
the year. 
From the results it cou ld be concluded that bilateral eyestalk ablation 
results in precocious development of the ovary and moult acceleration 
simultaneously, presumably due to the removal of the Gonad Inhibiting 
Hormone and Moult Inhibiting Hormone. Since these two processes are 
highly energy demanding and important phenomena in the life of a crustacean 
only the dominant activity, at the time of eyestalk ablation, either moultin9 or 
reproduction takes place. This dominance is dependent on the moult stage 
rather than the reproductive season. 
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SUMMARY 
• The ovary of P. homarus resembles the general decapod pattern. It is 
an H-shaped cylindrical tissue with a pair of short anterior lobes and 
a pair of long posterior lobes extending upto the second adbominal 
segment. The right lobe is longer than the left lobe. 
• Five macroscopic ovarian developmental stages were assigned based 
on colo~r and oocyte size . They are the V1 (immature), V2 ( primary 
vitellogenic ), V3 (secondary vitellogenic), V4 (Mature) and Vs 
( spent ). The colour of the ovary changes from pale white in immature 
stage to light coral red in maturing stage to deep coral red in fully mature 
condition . 
• On the basis of histological examination, oocytes during oogenesis has 
been classified into the secondary oogon ial cells, primary vitellogenic 
oocytes, early secondary vitellogenic oocytes, late vitellogenic oocytes 
and mature oocytes. 
• The central nervous system of P. homarus conforms to the general 
decapod pattern consisting of a ganglionated nerve cord extending from 
the cephalic region to the telson . 
• Different neurosecretory cell types (NSCs) in the optic ganglion, 
supraoesophageal ganglion and thoracic ganglia were identified , 
classified and mapped. NSCs were classified based on the size and 
shape. Optic gang lia consists of 6 types of NSCs while 
supraoesophageal and thoracic ganglia have 8 NSC types each. 
• The cyclic secretory activity of the NSC types were followed and was 
classified into a synthetic phase, vacuolar phase, secretory phase and 
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quiscent phase. The secretory cycle of different NSC types were 
correlated with the ovarian developmental stages. 
• Immunoprecipitin studies and ultrastructural studies provided evidence 
to exogenous vitellogenin synthesis in P. homarus during egg formation. 
The hepatopancreas and the adipose tissue are probably the site of 
synthesis of vitellogenin , which is then transported to the ovary through 
the haemolymph. 
• The vitellogenin unit from the haemolymph and the vitellin unit from the 
ovary were isolated and characterised. The vitellogenin consists of four 
polypeptide units having the molecular weights 158 KOa, 100 KOa, 
95 KOa and 63 KOa. The vitellin consists of five polypeptide units of 
molecular weights 158 KOa, 74 KOa, 15 KOa, 14 KOa and 8 KOa. 
• Administration of the aqueous extracts of supraoesophegeal ganglion 
and the thoracic ganglia from the vitellogenic females accelerated the 
process of vitellogenesis when they were injected into V 2 stage lobsters. 
• Lobsters injected with 5-hydroxytryptamine showed accelerated 
vitellogenesis while vitellogenesis was inhibited in those injected with 
dopamine. 
• Bilateral eyestalk ablation studies conducted on early and late intermoult 
female lobsters gave different responses. In those ablated during early 
intermoult stage ablation resulted in precocious ovarian maturation and 
oviposition. Lobsters ablated in late intermoult stage entered quickly in 
premoult stage and moulted . 
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